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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Division  of  Forestry, 
Washington,  JD.  C,  February  4,  1892. 
Sir  :  I  have  the  lionor  herewith  to  submit  for  publication  the  first  of  a  series  of  bulletins  which 
are  to  record  the  results  of  an  extensive  investigation  into  the  nature  of  our  important  woods, 
especially  their  mechanical  and  technical  properties,  and  the  dependence  of  these  upon  structure 
and  physical  condition  and  upon  the  conditions  under  which  the  wood  was  grown. 

The  i)resent  bulletin  is  entirely  preliminary  in  its  nature.  Its  object  is  to  serve  as  a  basis  for 
the  work  which  is  to  follow  and  is  partly  begun.  It  discusses  the  need,  object,  and  scope  of  the 
investigatiou,  gives  references  to  the  work  which  has  preceded  the  present  investigations,  and 
explains  the  methods  pursued  in  these  latter,  including  the  forms  of  record  and  illustrations  of  the 
machinery  in  use. 

EespectfuUy, 

B.  E.  Fbrnow, 

GMef  of  Forestry  Division. 
Hon.  J .  M.  EusK, 

Secretary. 

m 


TIMBER  PHYSICS. 


NEED  OF  THE  INVESTIGATION. 


INTRODUCTORY. 

Scientific  research  is  satisfied  with  its  results  without  any  reference  to  their  practical  applica- 
tion. Increase  of  knowledge  is  its  self-sufficient  aim.  Whether  this  may  in  the  end  bring  us  an 
increase  of  power  to  control  nature's  forces  or  to  utilize  them  to  better  advantage  is  not  the  concern 
of  science,  and  yet  all  increase  of  this  power  has  come  directly  or  indirectly  from  such  scientific 
research.  Acknowledgment  of  ignorance,  then,  from  a  scientific  point  of  view,  is  sufficient  to 
establish  the  need  of  an  investigation.  From  a  practical  and  economic  point  of  view,  however,  it 
would  still  remain  necessary  to  point  out  whether  and  why  the  need  is  a  pressing  one  and  what 
direct  benefits  may  be  expected  from  such  an  investigation. 

It  will  be  admitted  by  all  who  have  to  handle  wood  in  building,  engineering,  and  manufacturing, 
that  our  knowledge  regarding  the  properties  of  our  various  timbers  is  not  very  satisfactory,  and 
that  while  attemj^ts  more  or  less  systematic  have  been  made  to  determine  these  properties,  and 
knowledge  gained  from  experience  exists  among  those  who  have  handled  certain  classes  of  woods 
for  certain  purposes,  there  does  not  exist  much  reliable  published  information  for  general  use. 

It  is  also  a  well-known  fact  that  from  this  ignorance  of  the  value  of  our  varied  timber  wealth, 
and  its  special  adaptation  to  particular  uses,  large  quantities  of  valuable  material  have  been  wasted. 
Everybody  is  famiUar  with  the  waste  of  our  fine  black  walnut  timber  for  fence  rails,  posts,  and 
firewood.  Until  twelve  or  fifteen  years  ago  many  million  feet  of  hemlock  were  left  to  rot  in  the 
woods,  after  the  bark  had  been  taken  for  tanning  purposes,  or  this  timber  was  not  cut  at  all 
because  its  value  for  building  purposes  was  not  understood  or  was  underrated. 

In  Alabama,  along  the  LouisviUe  and  Nashville  Railroad,  a  few  years  ago  a  large  amount  of 
chestnut  oak  was  felled  for  the  tan  bark  alone,  the  wood  of  the  trees  being  allowed  to  rot,  because 
railroad  people  did  not  know  its  value  for  railroad  ties.  The  Division  of  Forestry,  by  a  little 
circular,  called  their  attention  to  the  superiority  of  this  timber  for  tie  puri^oses,  and  now  the  wood 
is  utilized,  and  thus  for  this  region  alone  a  saving  of  from  $40,000  to  $50,000  annually  was  effected, 
or  more  than  three  to  four  times  as  much  as  the  annual  appropriations  for  the  Division  of  Forestry. 

Even  now  many  thousand  cords  of  this  valuable  wood  are  lost  there  and  in  other  regions  when 
the  bark  is  taken  for  tanning  purposes,  while  the  wood  itself,  which  contains  as  much  and  more 
tannic  acid  per  cord  than  the  bark,  is  left  unused,  because  it  can  not  be  profitably  transported  in 
its  original  form.  Presently  a  new  wealth  will  be  developed  for  the  tanners,  where  it  was  not 
looked  for. 

Our  raikoad  system  requires  annually  80,000,000  ties,  costing  the  railroad  companies  about 
$30,000,000.  Their  life  in  the  average  may  be  computed  at  six  and  one-half  years.  There  are 
means  of  doubling  their  life  easily  by  using  only  the  more  durable  kinds,  paying  proper  attention 
to  the  handling  of  the  ties  and  by  impregnation  with  fungus-resisting  materials  or  by  other  proc- 
esses. Such  increase  of  durability  may  be  obtained  by  an  expenditure  of,  say,  $20,000,000,  by 
which  an  annual  saving  of  more  than  $5,000,000  would  be  effected,  or  25  per  cent  on  the  additional 
outlay.  These  figures  are  extremely  conservative  and  the  advantage  might  readily  be  doubled. 
We  could  multiply  such  examples  of  wasteful  practice  in  every  direction,  arising  at  least  in  part 
from  lack  of  knowledge. 
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It  would  be  impossible  to  estimate  the  direct  and  indirect  losses  wliich  the  country  suffers  from 
our  ignorance  as  to  tlie  true  values  and  streni;th  of  our  building  timbers.  Such  losses  occur  by 
using  kinds  unsuited  for  given  purposes,  or  by  employing  either  more  or  else  less  timber  than 
necessary.  Engineers  and  architects  are  fully  aware  of  this  deficiency  in  our  knowledge,  which 
approaches  ''a  state  of  ignorance"  remarkable  to  contemplate  when  it  is  considered  that  timber 
has  always  been  a  foremost  building  material. 

To  make  good  this  assertion  a  resume  of  some  hundred  letters  received  by  the  Department  fiom 
leading  engineers,  scientific  societies,  and  others  is  appended  to  this  report,  which,  while  strongly 
favoring  the  tliorough  investigation  of  our  timbers,  ai'e  of  interest  also  as  showing  the  multiplicity 
uf  directions  in  which  the  work  would  be  of  benefit. 

Xot  only  are  oui-  engineers'  tables,  giving  \'alues  of  strength,  uncertain,  unreliable  for  practical 
use,  based  upon  European  timbers,  etc.,  but  probably  not  one  in  a  hundred  engineers  or  su'chitects, 
Avho  specifics  tunber  for  work,  is  capable  of  determining  whether  a  given  stick  of  timber  is  or  is  not 
capable  of  doing  the  duty  it  is  designed  to  do.  Even  if  he  recognizes  the  species  of  timber,  which 
he  rarely  can  do  with  accuracy,  he  would  fail  to  recognize  any  relation  between  the  appearance  or 
structure  of  the  material  and  its  expected  or  desired  quality.  And  if  he  be  better  informed  than 
the  majority  it  will  be  onlj'  through  dearly-bought  exiDerience.  Empiricism  in  this  branch  of 
engineering  still  reigns  supreme. 

It  is  only  six  years  ago  that  Prof.  Lauza  showed  that  tests  made  on  small  specimens,  and  on 
which  our  tables  for  engineers'  use  are  based,  may  give  results  more  than  twice  as  high  as  those 
made  on  full-sized  sticks;  and  although  a  factor  of  safety  of  4  may  have  been  applied  in  the  speci- 
fication, when  it  is  fouiul  that  material  may  have  actually  a  strength  .50  per  cent  less  than  that 
given  in  the  tables,  we  may  often  strain  oiu'  uuiterial,  without  knowing  it,  to  its  full  capacity  and 
feel  safe  in  so  doing. 

The  following  statement,  which  occurs  in  one  of  the  letters  referred  to,  may  serve  as  an  illus- 
tration. ]Mr.  D.  II.  Burnham,  engineer  of  construction  for  the  World's  Columbian  Expositit)n, 
^vTites : 

Wlieu  I  was  appointed  eugiucer  of  construction,  World's  Columbian  Exposition,  August  1, 1  found  it  necessary  to 
make  elianges  in  most  of  tlic  Imildiiijis  because  I  did  not  dare  to  use  as  bigh  u'lit  stress  in  timber  as  was  »ised  by  my 
predecessor,  althou;ch  he  claimed  to  be  perfectly  safe  in  bis  strains,  and  brought  forward  authorities — Trautwinc  and 
others — to  ]>rovo  his  statements. 

Inquiries  from  woodworkers  in  all  branches  show  that  the  same  lack  of  reliable  knowledge  exists 
with  regard  to  the  adaptation  of  woods  to  technical  purposes.  Especially  are  the  ideas  as  to  tJie 
relation  of  properties  to  structure,  physical  condition,  locality  of  growth,  etc.,  entirely  at  variance 
and  lacking  a  sound  basis  derived  from  accurate  observation  and  research.  It  would  then  appear 
that  from  a  practical  [)ointof  view  the  need  for  an  investigation  exists,  the  more  so  since  our  forest 
resources  begin  more  decidedly  to  show  the  signs  of  lavish  wastefulness,  and  jtrojier  economy 
would  dictate  a  more  careful  enq)l(iynieiit  of  our  wood  materials. 

Lastly,  since  we  are  beginning  to  [ilaut  forests  and  since  fore-stry  does  not  conccru  itself  with 
the  production  of  wood  simply,  but  is  to  produce  wood  of  given  (jualify,  we  need  this  knowledge 
in  order  to  proceed  intelligently  in  tlie  selection  of  plant  material  witli  reference  to  locality  aiul 
in  order  to  be  able  to  control  in  a  measure  the  quality  of  tlie  product. 

It  is  of  interest  to  inquire  why  our  ignorance  exists  and  has  prevailed  so  long,  and  to  find  out 
what  is  necessary  in  order  to  remove  it. 

There  is  one  important  factor  of  difference  between  other  maforinls  of  construction  and  timlicr. 
It  is  the  factor  of  life.  Eife  means  variety,  change,  variability.  1-^ach  individual  dillers  from  every 
other  in  its  devehtpment,  and  each  part  of  the  individual  differs  from  its  other  parts  in  structure, 
ami  hence  in  (pialities.  Eiu:h  living  tree  of  the  same  sp<H;ies,  therefore,  converted  into  building 
material  oilers  a  different  problem  as  to  its  ]troperties,  esi)ecially  its  strength,  and  each  stick  taken 
from  a  ditlerent  part  of  llic  tree  shows  different  (piality. 

This  eiulle^ss  variability  it  is  that  has  kept  us  in  ignorance  as  to  the  capabilities  of  our  timbers. 
While,  by  exi)erience.  we  liave  learned  tlial  these  differences  exist,  and  (fven  learned  to  find  some 
relations  between  physical  appearances,  anatomical  strncliire.  and  mechanical  ])ro])erties,  the  en.or- 
mity  of  the  enterprise  has  ballled  investigators  and  deterred  them  fiom  carrying  on,  in  a  systematic 


and  comprehensive  manner,  such,  tests  and  examinations  as  wonld  furnish  us  not  only  with  reliable 
data  as  to  the  range  of  capacity  of  our  timbers,  but  also  as  to  the  exact  relation  of  their  properties 
to  their  structure  and  physical  condition. 

In  order  to  establish  fully  for  any  one  species  the  possibilities  of  its  adaption  to  our  use,  it  is 
necessary  to  test  a  very  large  number  of  specimens.  In  order  to  formulate  laws  of  relation  between 
physical  condition,  anatomical  structure,  and  mechanical  properties,  each  test  specimen  must  be 
carefully  examined.  In  order  to  establish  laws  of  relation  between  the  physical  and  mechanical 
qualities  and  the  conditions  under  which  the  specimen  has  grown,  it  is  necessary  to  perform  the 
testing  and  the  examination  on  a  large  number  of  specimens  of  known  origin. 

Almost  all  the  investigations  made  in  this  line  are  deficient  in  one  or  more  or  all  ot  these  points. 
Not  only  have  there  been  few  tests  made  on  a  sufficient  quantity  of  material  to  allow  generaliza- 
tion, but  rarely  have  there  been  sufficient  data  furnished  regarding  the  nature  and  origin  of  the 
test  specimens  to  enable  us  to  form  a  judgment. 

Whatever  laws  of  interrelation  between  physical  structure  and  mechanical  properties  have 
been  established  or  indicated,  we  owe  almost  entirely  to  European  investigators  on  European  tim- 
bers. Our  engineers'  tables  are  mainly  made  up  from  European  sources,  and  while  the  extensive 
tables  of  the  Tenth  Census,  prepared  by  Prof.  C.  E.  Sharpies,  give  us  an  indication  as  to  the  rela- 
tive values  our  of  many  species,  they  can  hardly  claim  to  furnish  data  for  practical  application;  in 
fact  the  author  himself  distinctly  disclaims  this.  Anyhow,  no  attempt  has  been  made  to  find  out 
the  causes  of  variation  in  properties  or  even  to  give  data  from  which  argument  might  proceed  oi 
a  relation  between  properties  and  structure  might  be  inferred. 

It  is  to  supply  this  absolute  gap  in  our  knowledge — which  causes  thousands  and  millions  of 
dollars  of  waste  annually — that  the  Forestry  Division  has  entered  upon  a  comprehensive  and 
systematic  investigation  which  has  become  known  under  the  name  of  "the  Government  timber 

tests." 

This  investigation,  the  most  comprehensive  of  the  kind  ever  undertaken  anywhere,  in  this 
country  or  in  Europe,  differs  from  all  former  attempts  in  similar  direction  in  this,  that  it  starts 
out  with  the  fullest  recognition  of  three  facts : 

(1)  That  in  order  to  establish  reliable  data  as  to  mechanical  properties  of  our  timbers,  it  is 
necessary  to  make  a  very  large  number  of  tests,  by  which  the  range  as  well  as  average  capabili- 
ties of  the  species  is  determined, 

(2)  That  in  order  to  enable  us  to  make  the  most  efficient  practical  application  of  the  data  thus 
obtained,  it  is  necessary  to  know  the  physical  and  structural  conditions  of  the  test  material  and 
bring  these  into  relation  with  the  best  results. 

(3)  That  in  order  further  to  deduce  laws  of  relation  between  mechanical  properties  and  the 
physical  and  structural  conditions,  as  well  as  the  conditions  under  which  the  material  was  pro- 
duced, it  is  necessary  to  work  on  material  the  history  of  which  is  thoi-oughly  known. 

Briefly,  then,  to  solve  the  problems  before  us,  it  is  necessary  to  make  our  tests  on  a  large  num- 
ber of  specimens  of  known  origin  and  known  physical  condition.  While  the  tests  in  themselves 
appeal  at  once  and  first  to  the  engineer,  inasmuch  as,  by  their  great  number,  they  will  furnish  more 
reliable  data  regarding  the  capabilities  of  the  various  timbers,  the  chief  value  and  most  important 
feature  of  the  work  lie  in  the  attempt  to  relate  the  mechanical  properties  to  the  structure  of  the 
material  and  to  the  conditions  under  which  it  was  i^roduced. 

We  are  not  only  concerned  to  know  that  a  stick  of  this  species  of  tree  will  bear  a  given  load, 
but  we  want  to  be  able  to  tell  why  this  stick  of  the  species  will  bear  so  much  and  why  the  other 
stick  of  the  same  species  will  bear  only  half  as  much ;  why  the  timber  grown  in  this  locality  is 
found  generally  superior  to  that  of  the  same  species  grown  in  another  locality,  etc. 

When  we  have  established  such  knowledge,  then  it  will  be  possible  for  an  engineer  not  only 
to  specify  his  timbers  intelligently,  but  also  to  inspect  them  and  to  know  whether  or  not  they  come 
u^.  to  his  specifications.  To  be  sure,  we  are  not  now  quite  without  some  knowledge  regarding 
these  matters,  although  few  users  of  wood  seem  aware  of  it.  But  not  only  is  this  knowledge 
scanty,  it  is  not  quite  certain  or  capable  of  general  application,  and  the  results  and  deductions 
of  one  investigator  may  often  be  tound  contradicted  by  another  or  by  the  same  authority  after 


furtl.er  invp^ti-ation.     We  know  that  there  are  diftereiioes  in  quality,  at  least  for  some  timbers  in 
sticks  from  .lilU-rent  parts  of  th.  tree:  not  only  the  heartwood  dilVers  from  the  sapwood,  but  also 

tlie  butt  log  from  the  top  log:.  .,...•  .<• 

While  some  experimeuts  would  lead  us  to  believe  that  specific  weight  is  a  iair  expression  of 
the  streusth  of  timber  of  the  same  species,  yet  it  would  be  hazardous  to  rely  upon  this  factor 
with.mt  re-ard  to  ..tiier  physical  conditions  and  structural  features  of  the  timber 

Such  '.  riu-porous"  woods  as  the  oaks  and  ash  show  the  greatest  strength  and  elasticity  when 
their  annual  rings  are  wide,  while  the  slow-gro^^'ll  mountain  oak  seems  to  excel  in  stiftness.  From 
•  mifers,  on  the  other  hand,  according  to  Hartig,  the  slow-grown  timbers  seem  to  exhibi  superior 
nualitv;  hence  those  from  rich  soils  are  not  desirable.  This  again  h.as  appeared  doubtful  or  at 
least  true  only  within  unknown  limits,  from  Bauschiiigers  experiments  who  showed  that  tensile 
strength  in  pines  was  independent  of  the  total  width  of  the  annual  ring,  but  .lependent  on  the  ratio 
between  the  spring  wood  and  summer  wood. 

That  wet  soil  pr.Khiccs  brittle,  dry  ..r  fresh  soil  tough  timber,  is  believed  but  needs  proof.     Con- 
trary to  general  opinion,  the  time  of  felling  seems  to  be  without  influence  on  the  st^rength  of  pines 
The  deglee  of  seasoning,  on  the  other  hand,  seems  to  increase  the  strength,  although  it  would 
still  have  to  be  found  out  whether  the  manner  and  rapidity   of  seasoning  may  not  change  tins 
result.    Toughness  or  capacity  for  bending  without  rupture,  on  the  contrary,  is  claimed  to  be 

inversely  proportionate  to  seasoning.  „      ,  ,         .,  ^■     4.       x 

Carria-e-makers  claimed  "  that  the  white  oak  when  grown  in  the  South  loses  it«  peculiar  tcmgh- 
ness,  by  N^^.ic-h  it  excels  in  the  North."  We  have  shown  by  actual  tests  that  this  is  not  the  case, 
and  claim  the  exact  opposite  fiom  physiological  reasons. 


ABSTRACTS  OF  LETTERS. 

The  following  abstracts  of  letters  from  engineers,  scientific  societies,  and  others,  regarding 
the  timber  studies  and  tests  instituted  in  the  Division  of  Fcuestry,  received  by  the  Department  of 
A-riculture,  are  given  in  this  connection  as  showing  the  interest  manifested  in  the  snb.iect  under 
consideration.  The  high  professional  standing  of  the  writers,  together  with  their  strong  expres- 
sions re-Miding  the  importance  and  value  of  the  investigation  and  the  diversity  of  interests 
inv.dved'^in  this  work,  form  the  best  argument  that  could  be  given  for  the  need  of  the  investigation. 
For  ease  in  following  the  arguments  adduced,  the  letters  have  been  grouped  under  general  head- 
ings in  iialirs  expressive  of  the  main  ideas  therein  contained. 

pj  The  information  noK  available  regarding  tlie  value,  properties,  and  adaptations  of  our  tim- 
bers  is  scanty  in  amount  and  unreliable  in  character. 

O.  Chanute,  consulting  engineer,  president  Am.  Soc.  C.  E.,  Chicago,  111.: 

A«  a  civil  engineer  of  some  forty  years  of  practice  I  have  become  aware  bow  little  is  really  known  concerning  tbo 
con.liVions  un.kT  wbich  the  best  rasnlts  can  be  secured  from  commercially  useful  timbers  and  I  am  glad  ha  your 
Dopar  ment  has  begun  its  investigations  with  the  southern  pines  and  oaks,  which  must  hercaf  *r  largely  be  drawn 
upTto  supply  the  pbu-.  of  similar  woods  now  being  exhausted  in  the  North.  The  value  of  smh  ,uvest,gat.<.us 
de  n. is  so  argelv  upon  the  cou.peteucy  of  the  men  who  are  intrusted  with  them  that  .t  was  undoubtedly  w.so  for 
Se  s  to  «tart  w  th  a  small  appropriation,  so  that  something  might  be  known  of  the  probable  result,  before 
eS  ng  au V  cousi.lerable  su„,s.  Kron.  my  personal  knowledge,  however,  of  the  thoroughness  of  Mr  B.  L.  ^  ernow 
nn  IP  of  .1.  B.  J..l>"-'».  "f  «t.  Louis,  1  am  convinced  they  will  accon.plish  valuable  resu  ts,  and  I  hope  you  w  11 
rroumund  sufficient  appropriation  by  Congress  to  enable  us  to  know  within  a  year  what  practical  result,  .are  to 
beexTo  ed  from  the  investigation.  I,  for  one.  shall  be  very  glad  to  place  at  the  d^posal  of  your  Department, 
wit"  ut  Irge.  anv  infonnation  which  I  have  thus  far  gathered,  and  I  think  that  the  exper.ence  gained  by  those 
who  have  handled"  cerUin  classes  of  woods,  for  certain  purposes,  will  be  also  freely  at  your  disposal. 
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M.  H.  EogerSj,eliief  engineer,  Denver  and  Eio  Grande  Eailway  Company,  Denver,  Colo. 

When  the  fact  is  considered  that  the  information  published  on  this  subject  at  present,  even  in  our  most  advanced 
worlis  on  engineering,  is  very  meager  and  unsatisfactory,  more  especially  since  such  tests  as  have  been  made  are 
with  reference  to  the  superior  specimens  of  the  different  species  of  woods  and  that  a  great  many  of  our  native  timbers 
are  omitted  altogether,  but  little  further  argument  is  needed  to  show,  the  advisability  of  such  investigations  by 
the  Department.  Since  the  work  will  be  conducted  by  experts  under  the  direction  of  the  Government,  the  results 
will  be  most  satisfactory  and  become  an  invaluable  standard  for  engineers  and  others  in  the  construction  of  all 
works  wherein  wood  forms  an  important  part. 

J.  D,  Hawks,  cMef  engineer,  Micliigan  Central  Eailroad  Company,  Detroit,  Micli. : 

I  have  been  engaged  for  twenty  years  on  various  railroads  in  the  United  States  and  Canada,  and  during  that 
time  have  found  a  great  lack  of  reliable  information  about  timber.  Questions  are  continually  arising  as  to  the 
lasting  qualities  and  the  strength  of  different  timbers.  I  know  from  the  numerous  inquiries  from  railroad  offlcers 
that  others  are  bothered  by  this  lack  of  precise  information.  *  *  *  It  is  a  very  expensive  matter  for  us  to  be  com- 
pelled to  learn  the  facts  as  to  strength  and  lasting  qualities  of  all  these  timbers  by  experience.  If  the  Government 
would  undertake  these  tests  for  the  people  it  would  be  a  very  great  assistance,  not  only  to  the  railroads,  but  to  other 
users  of  timber,  as  well  as  those  who  have  timber  to  sell. 

L,  L.  Eandolph,  engineer  of  tests,  Baltimore  and  Ohio  Eailroad  Company,  Baltimore,  Md. : 

The  information  which  exists  upon  this  subject  is  extremely  meager,  being  made  up  from  the  incomplete  work 
of  a  number  of  different  investigators,  who  have  been  hampered  by  lack  of  means  from  going  into  the  subject  as 
deeply  as  they  wished  and  the  importance  of  the  subject  demands.  We  are  using  in  many  cases  more  timber  than 
should  be  used,  on  account  of  a  lack  of  knowledge  of  its  strength  and  other  properties,  and  in  some  cases  are  running 
risks  which  should  not  be  taken,  relying  on  incomplete  investigations.  The  investigations  made  by  the  Board 
appointed  to  test  iron  and  steel  have  been  so  very  valuable  to  the  engineers  of  the  country  that  it  has  shown  all  the 
very  great  necessity  for  similar  work  on  timber. 

H.  S.  Jacoby,  professor  of  graphics  and  bridge  engineering,  Cornell  University,  Ithaca,  N.  T. : 

I  was  interested  quite  recently  in  a  brief  description,  in  one  of  the  engineering  papers,  of  the  scries  of  tests 
which  your  Department  has  inaugurated  relative  to  the  strength  of  American  timbers.  In  my  class  work  iu  struc- 
tural details  I  am  constantly  reminded  of  the  very  meager  knowledge  concerning  the  strength  of  even  a  few  species 
of  woods  that  is  now  available  in  the  designing  of  wooden  structures.  Such  investigations  made  with  special  care, 
on  an  extensive  plan,  are  essential  to  economy  in  design. 

J.  C.  Bland,  Am.  Soc.  C.  E.,  consulting  engineer,  Colorado  Springs,  Colo. : 

I  beg  to  say  that  the  value  to  the  engineering  public,  the  railways,  and  the  public  at  large  will  in  my  judgment 
be  incalculable.  Your  intention  to  extend  the  tests  to  full-sized  pieces  as  used  iu  bridge  construction  is  partic- 
ularly admirable,  such  results  being  meager  at  present,  as  indeed  are  even  reliable  tests  on  small-sized  speci- 
men pieces;  also  your  purpose  of  determining  the  influence  of  continued  services  oh  pieces  of  bridge  construction  of 
known  length  of  service,  will,  when  carried  out,  put  us  in  possession  of  highly  valuable  data  now  confined  to  the 
very  few  who  have  had  opportunity  to  make  such  observations.  It  is  not  hard  to  see  how  this  point  aifects  the 
safety  of  the  traveling  public.  In  this  part  of  the  country  we  are  compelled  to  use  Oregon  Fir  for  our  best 
wooden  bridges  and  trestles,  the  native  pine  being  deficient  in  transverse  strength,  as  well  as  short-lived,  and  con- 
cerning neither  timber  do  we  know  much  iu  a  scientific  way.  Oak  as  a  rule  behaves  badly  in  this  climate;  hence 
your  purpose  to  determine  "how  far  do  climatic  and  soil  conditions  influence  quality"  is  another  point  from  which 
I  expect  valuable  information.  I  can  not  state  forcibly  enough  the  very  great  value  which  I  think  such  work  as 
you  intend  undertaking  will  have. 

James  Dunn,  chief  engineer,  Atchison,  Topeka  and  Santa  Fe  Eailroad  Company,  Topeka,  Kans. : 

The  knowledge  of  the  physical  properties  of  American  timber  is  very  limited,  particularly  as  refers  to  timber  of  the 
same  variety  growing  in  different  localities  and  under  different  conditions,  and  the  result  of  the  tests  will  be  of  very 
great  value  to  engineers,  architects,  and  builders. 

F.  C.  Osborn,  chief  engineer.  King  Iron  Bridge  and  Manufacturing  Company,  Cleveland,  Ohio: 

I  wish  to  urge  upon  you  the  importance  of  this  investigation  both  in  regard  to  consumers  of  timber  and  to  engi- 
neering profession  as  well.  *  *  *  The  data  that  are  at  present  at  hand  iu  regard  to  strength  of  American  timbers 
in  various  positions,  are  very  meager,  and  the  large  amount  of  timber  used  in  counection  with  structures  of  impor- 
tance makes  it  very  desirable  that  some  satisfactory  results  should  be  arrived  at  in  regard  to  the  strength  of  the  same. 

'}  F.  W.  Skinner,  Am.  Soc.  C.  E.,  New  York  City: 

There  is  a  great  scarcity  of  such  data  available  for  engineers,  and  as  a  bridge  engineer  I  heartily  appreciate  its 
value  and  hope  that  it  will  be  fully  supported. 

The  Phoenix  Bridge  Company,  engineers  and  builders  of  bridges,  viaducts,  etc.,  PhoenixviUe,  Pa. : 

We  hope  that  these  investigations  may  be  continued  until  we  have  complete  data  in  regard  to  the  timbers  used  in 
construction.  At  present  this  information  is  very  meager  and  the  investigation  undertaken  by  the  Department  of 
Agriculture  will  be  watched  with  great  interest.  In  the  line  of  bridge  construction  the  information  secured  by  these 
tests  will  be  particularly  valuable. 


0)  The  results  of  European  te^s,  tchich  form  the  prinoipal  basis  of  our  engineers'  tables,  are 
in<i2)pUcahlc  to  timber  (jroicn  here. 

G.  Lindenthal,  chiet  eupneer.  Xortb  River  Bridge  Company,  New  York  City: 
T..e.e  l.a.  not  been  so  ,.r  .„  ela,.o..e  and  -sinuous  iuvesti^Uon  of  A^c^ti.^^^^  r  ^le^J^ 
,.,  the  Forestry  DivUion,  and  the  .nea^rnc^  f'lf^^^^::.  ::',.;    a     a  d  r:;;:i:;:^^owleageof  the  physical 

vexation  an.l  en.barrassmeut  to  engineers.  /,:  'llosLs   bv  reason  of  in.orrect  application  and  design,  - 

properties  of  American  timbers  has  been  the  cause  of  great  los.es,  by  rc.v^on  o    '»  ""^        H   ,     .     .^i^^  j„f„^,„,,.  ■ 

Ind  bought  not  to  be  behind  in  this  respect  the  information  of  the  "Old  Country."  | 

Thoinas  Egle.ston,  professor  of  metallurgy,  School  of  Mi„es,  Columbia  College,  New  York: 
A.  a  member  of  the  committees  of  all  the  -.-.ering^cieties  of  the  Unit^S^.^  ^thl^J^f^;:;:  :^:i 
of  the  conmiittees  of  the  American  societies  ot  mining,  ciwl,  and  '"\'l'^'   '-'^""r^;.    .^,,i  ,^;  ^i,.  United  States 
urged  at  great  length  the  consideration  of  this  subject  ^^^:^^;^l^,^:,;^t^ ^'l^L.,.  you  on 
Government.    It  is  one  of  the  most  '"HH-rtant  sul^,ects  connected  j         e.^^^^  engineering  profession  in 

having  undertaken  a  work  whose  ^^^^  ^XX:\^^^^'^^  ':^::^lX^ZAou^^.:Z,..^^^.^^e 
all  parts  of  the  world.  I  am  al..o  glad  to  see  by  the  '^^^^  ■»;  ^^^^  ^"^^  ^  !  ^'^^  ^^^^  commis..ion.  the  extraordinary  fact 
of  the  subject.    During  the  time  that     was  working  with    ^''^Unted  M.vtc^test^co^     ^^^^  ^^^^^^^^^  ^^^  ^^^^^  ^^^^ 

was  brought  out  that  at  that  time  all  tie  ^"""'^'^  '  7°^Jf;,^.  ^^^-^  does  not  grow  in  the  United  States,  and 
which  it  grew,  those  te.sts  will  become  permanently  valuable  in  the  profession. 

Thomas  M.  Cleemau,  past  president  Engineers  Club,  Philadelphia,  Pa.: 

iUomas.i.  1  .^    „^^^^t,,t  authority,  was  shown  by  Mr.  Smith's  exper- 

When  the  English   formula  of  ^  "^^  ""^^=T^'""7' /''7' ,f , ''     ■_    .,3  ,  -^ted  in  Trautwine's   Pocket    Book, 

iments  on   large  pillars  to  give  results   double   what  ^^^""^'^J^J  S^*^"'  //^  sLos   tint  thev  might  not  be  in  any 

ongincer.s  ..It  a  longing  for  f-H-  -curate  and  ^2::^Z:^Z^s^^^^'^^^^on  ;e,uired  is  for  the 

S"™:f  tlel^U  -r;^"  ::1:;;:m:^^^^  work  that  win  keep  it  more  in  touch  with  the  ma. 

of  the  people.  . 

G  Bouscarcn,  consnlting  engineer,  Cincninati,  Olno: 

JheresZof^w^^^^^^^^^^^^  ^  "-*  important  branch  o.  the  engineering  art. 

OJ  Experiments  marie  on  small  and  selected  specimens  ,-u'e  unreliable  data  for  use  in  the  case  of 
large  timbers. 

'  William  H.  Bnrr,  vice-president  Company  of  Constructing  Engineers,  New  York : 

/•  ■   ofir>„«  niwl  tosts  have  heretofore  been  made  nnder  the  auspices  of 

It  is  true  that  a  considerable  number  of  •^^^"'"'^    ""^   f^^.'^f/"  ^^^^^^^^  ,„i,..  .HlTerent  in  character 

the  Government,  but  almost  or  qnite  entirely  on  small  and  ^^> ^P'^'^;':^Z\^,^  ,.f  ,„,.ctural  operations, 
from  the  pieces  of  the  same  material  used  ,n  engnieenng  J^'^*;;  ";;;•,;;  ,^*';;;;,'7,;  „,e,u  to  serve  practical  pur-  I 

There  are  at  present  few  results  "^ -;;;«-;;;  i;;;^,::^  ^     'l  "^^n ->^  '-^itin^ate  and  ,^per  manner,  | 

^:  ^:r::i ::;;i:::  •:;:::/;;:;h;s  i::;i"M:::;::^iic  wm  be  served . . ....  .^c... ...  vamab.  manner 

thereby. 

Tnhn  C  Triutwiiie,  jr.,  C.  K.,  IMiiladolphia,  Pa. : 


Louis  DeOoppet  Berg,  architect,  Trinity  building,  Few  York: 

I  beg  to  say  that  I  deem  these  tests  of  the  utmost  importance  to  architects  and  engineers.  You  will  remember 
that  up  to  within  »,  few  years  ago  we  were  using  constants  for  the  strength  of  timber,  which  were  j)roveu  by  Prof. 
Lanza's  limited  tests  on  full-sized  timbers  to  be  utterly  beyond  the  strength  of  the  beams.  These  constants  were 
derived  from  tests  on  small  specimens,  made  by  Hatfield  and  others,  and,  if  it  had  not  been  for  the  large  factor  of 
safety  used,  many  accidents  would  have  happened.  A  series  of  tests  such  as  you.  propose  will  give  us  an  intimate 
knowledge  of  the  action  of  our  American  timbers  in  large  sizes  when  under  strain,  and  will  not  only  enable  us  to  cal- 
culate more  accurately  and  safely  the  strength  of  our  buildings,  but  will  prove  a  great  economy  to  all  builders  in 
allowing  us  to  use  smaller  factors  of  safety,  which  can  safely  be  done  where  the  actual  strength  and  behavior  of  the 
timber  are  accurately  known. 

Eudolph  Hering,  M.  Am.  Soc.  C.  E.,  M.  Inst.  C.  E.,  M.  Can.  See.  G.  E.,  New  York  City: 

We  need  much  more  information  regarding  the  qualities  of  timber  for  constructive  purposes,  and  private  enter- 
prise can  not  give  us  results  as  extensive  or  impartial  as  can  be  obtained  through  the  aid  of  the  Government.  It 
is  true  that  we  possess  a  great  deal  of  information  on  the  subject  already,  and  for  the  most  common  cases  in  prac- 
tice we  are  tolerably  satisfied  with  the  existing  information  as  to  tensile,  compressive,  and  transverse  strength  of 
test  pieces  of  the  common  timbers  of  our  country.  But  we  are  lacking  reliable  inform  r.tion  regarding  such  quali- 
ties in  large  beams  as  actually  used  in  structures.  We  are  not  always  safe  in  applying  the  results  of  small  test  pieces 
to  large  beams.  We  have  likewise  very  imperfect  knowledge  concerning  the  durability  of  all  the  varieties  of  Amer- 
ican timbers  with  reference  to  the  conditions  of  growth,  climate,  moisture  and  temperature.  I  should  consider  that 
in  this  direction  particularly  the  benefits  arising  to  the  country  from  increased  knowledge  on  the  subject  would  be 
very  large. 

E.  L.  Corthell,  0.  E.,  CMcago,  II].,  and  Broadway,  New  York: 

In  my  profession  as  a  civil  engineer  I  have,  with  others  of  ray  profession,  felt  the  necessity  of  much  more 
extensive  and  thorough  tests  of  timber  than  have  ever  yet  been  made,  at  least  in  our  country.  The  rules  that  have 
been  given  us  in  the  books  for  the  use  of  timber  have  heen  found  to  be,  in  many  cases,  unreliable,  for  the  reason 
mainly  that  the  experiments  and  tests  have  been  made  on  small  specimens  instead  of  full-sized  sticks.  I  have 
recently  had  my  attention  called  to  this  while  making  an  examination  of  the  Massachusetts  Institute  of  Technology, 
where  tests  are  now  being  made  on  full  sizes  of  timber  with  results  varying  in  almost  every  instance  from 
accepted  formulae.  I  therefore  desire  to  express  my  interest  in  the  work  which  you  have  undertaken,  which,  as  I 
understand  it,  is  an  elaborate  investigation  of  the  physical  proj)erties  of  our  timbers.  This  investigation,  as  I 
understand  it,  relates  to  the  conditions  of  growth  as  well  as  to  the  uses  of  the  timber.  This  is  a  work  in  which 
the  entire  country  must  necessarily  be  interested,  for  the  works  which  we,  as  engineers,  are  building  for  commerce 
are  for  the  use  of  the  public,  and  it  is  of  the  greatest  importance  that,  when  we  use  timber  in  bridges,  buildings, 
and  other  works,  we  use  it  properly  and  within  safe  limits  of  strain.  Our  General  Govenmient  should  not  hesi- 
tate a  moment  in  giving  your  Department  all  the  funds  it  requires  to  make  and  to  continue  to  make  the  most  thorough 
investigations  and  tests  of  American  timbers. 

E.  D.  McCreary,  engineer,  Western  New  York  and  Penn.  Eailroad  Company,  Buffalo.  N.  Y. : 

The  data  until  recently  relied  upon  by  engineers  in  proportioning  wooden  structures  were  based  in  the  main 
upon  comparatively  crude  experiments  with  small  and  imperfect  specimens  of  the  various  kinds  of  timber,  and 
not  upon  the  sizes  nor  the  varying  conditions  of  timber  used  in  practice,  and  resulted  in  large  factors  of  safety 
to  cover  known  and  unknown  defects  in  the  material  used.  A  larger  knowledge  of  the  value  of  timber  under  the 
practical  conditions  of  construction  is  much  needed,  and  in  my  judgment  your  investigations  and  tests  should  be 
continued  until  this  end  is  fully  attained. 

Jolin  E.  Freeman,  engineer  department  of  inspections,  adjustments,  and  surveys,  Boston,  Mass. : 

For  many  years  engineers  have  been  using  data  derived  wholly  from  extremely  small  specimens  of  selected 
woods,  and  the  few  tests  which  have  already  been  made  on  large-sized  sticks  would  indicate  that  the  large  sizes  of 
timber,  such  as  are  commonly  used  in  engineering  structures  of  importance,  will  withstand  scarcely  half  so  great  a 
breaking  strain  as  our  old  data  would  indicate.  I  most  earnestly  hope  that  at  the  coming  session  of  Congress  such 
more  liberal  appropriations  will  be  earnestly  sought  as  will  enable  the  work  to  be  pushed  vigorously  forward. 

Henry  B,  Seaman,  G.  E.,  10  West  Twenty-nintli  street.  New  York  City : 

Constructors  are  in  the  greatest  need  of  a  series  of  tests  of  this  kind,  and  the  results  will  be  invaluable  to  all 
who  have  occasion  to  use  wooden  structures,  and  to  trust  property  or  life  to  their  safety.  The  engineering  profession 
has  for  years  used  data  obtained  from  small  specimen  tests,  trusting  to  a  judicious  factor  of  safety  to  cover  the 
deficiencies  of  experiment.  More  recent  tests  on  large  specimens,  however,  indicate  that  our  former  results  were  of 
little  value,  and  in  many  cases  have  led  to  the  use  of  timber  strained  dangerously  near  the  breaking  limit.  That 
we  may  at  last  obtain  definite  and  authoritative  knowledge  upon  this  subject  is  a  source  of  congratulation,  and 
the  progress  of  the  experiments  will  be  watched  with  the  greatest  interest. 

J.  B.  Davis,  assistant  professor,  civil  engineering.  University  of  Michigan,  Ann  Arbor,  Mich.: 

I  hope  now  to  see  results  from  tests  of  commercial  shapes  and  sizes,  bought  in  the  open  market,  substituted  in 
our  text-books  and  works  of  reference  for  those  derived  from  plaything  sticks  (splinters  really)  chosen  from  the 
choicest  spot  in  the  best  piece  to  be  found. 
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(4)  A  better  Inoicledge  of  the  physical  properties  of  tcoods  icill  result  in  greater  economy  in  the 
use  of  material,  and  less  forest  icaste. 

G.  H.  Thomson,  engineer  of  bridges.  New  York  Central  Railroad,  Am.  Soc.  C.  E.,  M.  I.  C.  E.  : 

The  value  of  timber,  viewed  commercially  alone,  possibly  may  be  well  known,  but  the  structural  properties, 
duraltility,  aud  suitability  for  the  various  purposes,  etc.,  are  uot  fully  ascertuiued,  so  that  eousumers  of  large  quan- 
tities of  timber  can  not  always  construct  timber  work  with  ultimat«  economy,  not  knowing  all  the  premises  which 
should  govern  a  conclusion  involving  large  expenditures  in  timber.  A  better  knowledge  of  the  physical  -jiropertios  of 
woods  would  result  in  greater  economy  and  les.'j  forest  waste,  a  desideratum  worthy  of  national  consideration. 

E.  D.  Meier,  C.  E.,  aud  president  of  Heine  Safety  Boiler  Company,  St.  Ixrnis,  Jklo. : 

Having  fre<iuently  been  at  a  loss  to  determine  just  what  strains  timbers  of  various  kinds  may  be  safely  called 
npon  to  bear,  and  having  in  fact  been  several  times  obliged  to  make  hasty  and  crude  test*  of  my  own,  I  take  the 
liberty  to  write  you  in  hopes  that  you  may  find  means  to  continue  the  very  thorough  te^ts  you  have  begun.  There 
are  few  things  of  so  general  value  to  all  classes  of  the  community,  both  those  who  build  structures  and  those  vrho 
live  or  travel  over  them,  as  a  thorough  knowledge  of  the  timber  which  enters  into  their  construction.  We  have, 
through  the  efforts  of  the  War  Department,  a  tolerably  thorough  knowledge  of  structural  materials,  composed  mainlv 
of  steel  or  iron.  But  there  are,  and  always  will  be,  a  large  number  of  structures  in  which  the  engineer  and  the 
builder  are  obliged  to  rely  mainly  on  timber.  Tliere  are  in  this  country  some  excellent  examples  of  large  timber 
spans  in  bridges  which  have  stood  the  test  of  a  century's  travel,  but  in  examining  them  we  are  struck  very  forcibly 
by  the  fact  that  an  immense  saving  in  material  might  have  been  effected  had  their  builders  been  able  to  obtain  a 
complete  and  accurate  knowledge  of  the  physical  properties  of  the  timbers  they  were  obliged  to  use. 

Edward  Bates,  engineer,  Chicago,  Minneapolis  and  St.  Paul  Railway  Company,  Chicago,  111. : 
Having  in  my  charge  .something  over  100  miles  of  wooden  bridges,  besides  wooden  buildings  of  all  classes  I  am 
competent  to  express  an  opinion  that  these  tests  will  be  extremely  useful  to  engineers  and  others  engaged  in  timber 
cou;jtruction,  and  would  like,  as  far  as  1  can,  to  emphasize  luy  opinion  as  to  their  importance.  I  venture  to  add  the  sug- 
gestion that  to  make  the  work  complete  all  of  the  information  obtainable  regarding  the  different  processes  for  the 
presers-ation  of  timber  should  be  added.  The  question  of  using  our  timber  supply  to  the  best  advantage  and  pre- 
serving it  to  the  country  is  so  import^int  that  I  make  no  ajjology  for  this  letter. 

J.  J.  R.  Croes,  Am.  Soe.  C.  E.,  M.  Inst  C.  E.,  New  York  City: 

While  I  had  a  general  idea  regarding  the  work  being  done  in  this  direction  by  your  Department  I  was 
not  aware  that  so  thorough  and  systematic  an  examination  of  the  properties  of  timber  had  been  undertaken  and  1 
am  greatly  impressed  with  the  value  of  these  investigations  to  all  who  are  interested  in  knowing  the  relative  value 
for  structural  purposes  of  the  different  kinds  of  timber  in  the  United  States.  I  beg  leave  to  urge  the  necessity 
from  an  economic  point  of  view,  of  having  suflicieut  approi>riations  made  by  Congress  to  enable  the  work  to  be 
carried  to  completion  on  the  scale  on  which  it  has  been  began. 

L.  L.  Buck,  C.  E.,  IS  Broadway,  New  York: 

It  seems  to  bo  eminently  a  proper  function  of  our  Government  to  pursue  the  investigation  exhaustively  as 
proposed.  The  cost  will  not  be  excessive  compared  to  the  value  gained  by  authoritative  information  thus  laid 
before  the  people.  Moreover,  such  information  will  in  time  repay  the  expense  of  obtaining  it,  by  removing  an 
important  cause  of  destruction,  to  wit,  that  of  cutting  large  quantities  which,  after  being  culled  over,  net  but  a 
small  portion  of  high-class  material;  while  a  far  greater  portion  might  have  been  fouud  good  if  cut  at  the  proper 
time  and  age. 

Benjamin  Douglas,  bridge  engineer  31icliigaii  Central  Railroad,  Detroit,  Mich.: 

A  knowleilge  of  the  results  of  such  tests  will  be  of  great  value  to  engineers  and  buildi-rs,  and  particularly 
tho.se  ma<le  with  large  piece* — those  showing  the  relation  existing  between  the  strength  of  large  and  small  pieces  cut 
from  the  same  tree,  and  the  intluence  of  continued  service.  A  thorough  knowledge  of  the  i>roperties  of  timber  would 
lead  to  consiilerable  econ<iniy  in  its  use,  and  this  will  bo  of  constantly  increasing  importance  in  the  future  as  tim- 
ber grows  more  scarce. 

J.  E.  Watkius,  curator,  section  of  transportation  and  engineering,  Smitli.sonian  Institution, 
Washington,  D.  C. : 

To  me,  in  common  with  other  civil  engineers  of  America,  the  need  for  an  exact  knowleilge  of  the  physical 
propirties  of  American  timber  is  a|)parent.  *  *  *  I  earnestly  trust  that  sufUcient  appropriation  will  be  ob- 
tained from  the  next  Congress  to  insure  a  continuation  of  the  good  work  already  begun.  A  more  coini)lete  knowl- 
edge of  the  subject  will  grow  in  economic  value  as  our  American  forests  are  deplete<l.  Had  this  matter  been  taken 
up  fifty  years  ago  millions  of  feet  of  timber  which  have  been  wasted  might  have  been  saved. 

II.  I.  ."Miller,  Supt.  Pittsburg,  Cincinnati,  Chicago  aud  St  Ijouis  Railway  Co.,  Loui.s\ilIe,  Ky, : 

( >ur  useful  timbers  are  being  rapidly  ilepleted,  anil  if  scientific  research  will  .-i-ssist  in  a  betf«Pknowledge  of  tlieir 
use*  it  will  uuquostioiiably  prolong    the  time  during  which  we  will  have  these  timberv  in  this  country. 
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Lewis  Kingman,  Am.  Soc.  C,  B,,  cliief  assistant  engineer  Atchison,  Topeka  and  Santa  ¥6  Eailroad : 

I  consider  thi^  a  very  important  work,  and  believe  that  the  time  and  money  expended  will  be  appreciated, 
and  that  it  will  result  in  the  economical  use  of  an  immense  amount  of  timber  which  is  now  recklessly  used  and  de- 
stroyed. 

Alfred  P.  Boiler,  C.  E.,  New  York  City: 

I  sincerely  trust  that  the  work  will  continue  on  the  broad  scale  laid  out,  that  the  intelligent  and  economical 
use  of  timber  maybe  spread  broadcast  among  the  peoiile. 

E.  Montfort,  cliief  engineer  Louisville  and  Nashville  Eailroad  Company,  Louisville,  Ky. : 

Our  information  as  to  strength  and  other  properties  of  timber  is  by  no  means  complete.  A  full  knowledge  of  the 
properties  of  the  different  timbers  will  insiire  their  more  intelligent  and  economic  use,  and  will  be  benefi.cial  not  only 
to  railroads,  but  to  all  industries  engaged  in  the  use  of  timber. 

(5 J  The  proposed  investigation  will  be  of  special  interest  to  engineers,  railroad  companies,  and  all 
engaged  in  building  operations. 

G.  B.  Mcholson,  chief  engineer  Oin.,  New  Orleans  and  Tex.  Pac.  Eailway  Co.,  Cincinnati,  Ohio : 

The  present  knowledge  of  the  properties  of  timber  amounts  to  a  state  of  ignorance,  and  the  cost  of  investigation 
has  precluded  individuals  from  undertaking  it.  I  speak  in  behalf  of  the  civil  engiueers,  but  I  might  add  that  a 
perfect  knowledge  of  our  timbers  will  be  of  benefit  to  the  country  at  large,  as  civil  engineers  take  an  important  part 
in  the  planning  and  building  of  works  on  which  vast  siims  are  annually  expended  by  the  people.  I  respectfully  ask 
that  your  estimates  to  Congress  will  call  for  an  appropriation  large  enough  to  prosecute  vigorously  this  eminently 
useful  work. 

J.  J.  McYean,  chief  engineer  Saginaw  Valley  and  St.  Louis  Eailroad,  Grand  Eapids,  Mich. : 

These  tests  and  examinations  will  be  of  inestimable  value  to  engineers,  architects,  and  builders,  as  well  as  ta 
the  public  generally,  and  if  properly  carried  out  and  continued  for  a  sufficient  length  of  time  to  insure  accurate 
results,  they  will  be  a  great  saving  to  consumers  of  timber  as  well  as  a  source  of  profit  to  owners  of  timber  land. 

Eobert  Fletcher,  Am.  Soc.  C.  E.,  prof,  civil  engineering,  Dartmouth  College,  Hanover,  N.  H.: 

I  have  the  honor  to  urge  upon  your  attention  the  value  and  importance  of  the  investigation  now  being  made 
through  the  Forestry  Division  on  the  physical  properties  of  American  timbers.  As  a  member  of  the  engineering  pro- 
fession, I  beg  to  emphasize  the  necessity  of  a  far  better  knowledge  than  we  now  possess  concerning  the  strength, 
durability,  and  adaptation  to  structural  and  other  purposes  of  available  sorts  of  timber,  and  also  of  the  various 
conditions  affecting  their  useful  properties.  The  knowledge  desired  by  the  engineering  profession  is  only  to  be  had 
satisfactorily  from  tests  of  full-sized  specimens  under  conditions  of  actual  practice.  Such  tests  are  generally 
beyond  the  means  and  facilities  possessed  by  individuals  or  firms,  especially,  in  view  of  the  time  and  expert  atten- 
tion which  they  demand. 

William  P.  Shinn,  C.  E.,  late  president  Am.  Soc.  C.  E.,  Pittsburg,  Pa. : 

I  think  it  of  verj'  great  and  growing  importance  to  the  people  at  large  that  this  investigation  of  the  proper- 
ties of  our  native  woods  should  be  made  general,  systematic,  and  thorough.  To  the  engineering  profession  espe- 
cially its  results  will  be  of  incalculable  advantage. 

George  W.  Cooley,  C.  B.:  Am.  Soc.  C.  E,,  Minneapolis,  Minn.: 

The  importance  of  a  comprehensive  system  of  tests  on  all  timber  entering  into  the  various  details  of  construc- 
tion can  not  be  overestimated,  and  the  engineering  profession  should  cooperate  with  the  Department  in  every  way 
necessary  to  obtain  full  and  accurate  data  on  this  most  important  subject.  When  it  is  considered  that  the  safety 
of  millions  of  lives  and  vast  amounts  of  property  depend  upon  the  stability  of  timber  structures,  it  appears  that  it 
is  of  the  utmost  importance  that  the  absolute  strength  of  all  material  entering  into  such  construction  should  be  accu- 
rately determined. 

Engineering  News,  D.  McN.  Stauffer  and  A.  M.Wellington,  editors,  NewTorkCity: 
As  the  editors  of  a  journal  prominently  identified  with  the  advancement  of  engineering  interests  in  the  United 
States,  we  can  not  too  much  commend  the  good  work  inaugurated  by  your  Department  in  commencing  an  elaborate 
and  complete  scientific  investigation  into  the  properties  of  American  timber.  But  as  these  experiments,  to  be  really 
useful,  must  be  on  a  scale  and  occupy  time  that  puts  them  out  of  the  reach  of  individuals,  we  sincerely  trust  that  the 
wisdom  of  our  legislators  will  ably  second  your  own  efforts  to  continue  them  to  a  proper  end.  *  *  *  The  informa- 
tion gained  by  a  complete  and  scientific  investigation  of  all  American  timber  will  be  of  inestimable  value  to  engineers 
and  all  concerned  in  the  production  or  use  of  timber.  This  information  will  not  only  be  essential  to  the  safe  and 
economical  use  of  timber  in  construction,  but  it  will  undoubtedly  vastly  broaden  the  available  supply  of  useful  ma- 
terial for  general  or  specific  purposes. 

W.  Kiersted,  Am.  Soc.  0.  B.,  consulting  engineer,  Kansas  City,  Mo.: 

I  beg  leave  to  say  that  I  am  in  full  sympathy  with  the  work,  and  trust  the  necessary  measures  may  be  taken  to 
carry  it  through  to  completion.    The  scale  on  which  it  is  proposed  to  make  the  tests  can  not  but  be  fruitful  in  valu- 
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able  rcsulte  of  a  kind  that  are  in  great  demand  by  those  intereated  in  Btmctural  work  where  timber  i«  nscd.  Doubt- 
less every  ci'^  engineer  will  rejoice  that  these  scientitic  investi^^ations  are  being  made  on  so  extensive  a  scale  and 
under  Government  auspices,  as  it  should  bt- . 

Charles  M.  Heald,  manager  Chicago  and  Western  Mich.  Railway,  etc.,  Grand  Eapids,  Mich. : 

As  a  manajter  of  railway  properties,  I  consider  such  iiifurmatiou  of  almost  incalculable  beiielit  in  aiding  our 
engineering  department  to  obtain  a  more  accurate  knowledge  of  the  relative  strength  of  mat<-rial  entering  into  the  con- 
struction of  bridges,  and  for  this  reason,  if  for  nothing  else,  1  should  favor  an  approi>riation  by  the  Government  to 
asiiist  you  in  carryiu'^  out  to  the  fullest  extent  the  testa  you  are  now  engaged  in  making,  and  hope  you  will  be  suc- 
cessful in  sfcuring  suflicieut  aid  to  enable  you  to  proceed  with  the  work  and  carry  it  to  a  satisfactory  conclusion.  I 
shall  bo  glad  to  assist  in  this  matter  by  carrying,  upon  application  from  you,  free  of  expense,  upon  the  lines  under 
my  charge,  any  timber  which  you  may  desire  to  secure  in  our  territory  for  test  purposes. 

Arthur  Beardsley,  C.  E.,  professor  of  engineering,  Swarthniore  College,  Swarthniore,  Pa.: 
The  value  of  the  information  to  be  obtained  from  these  tests  is  so  inestimably  great  to  all  engaged  in  the  work 
of  construction,  whether  as  architects,  engineers,  or  buililers,  in  any  of  tlic  many  art-s  and  trades  emiilnying  timber, 
that  one  wonders  that  they  have  not  been  undertaken  on  so  comprehensive  a  scale  long  before  this;  and  it  is  to  be 
ho]ied  that  you  may  meet  with  every  encouragement  in  the  work,  until  we  shall  have,  through  this  means,  such  a 
thorough  knowledge  of  all  of  these  projierties  of  our  American  woods  as  will  enable  those  who  use  them  in  the  va- 
rious arts  and  trades  to  do  so  with  the  greatest  economy  and  certainty  as  to  the  results. 

S.  Whinery,  C.  E.,  Cincinnati,  Ohio. : 

I  desire  to  call  your  attention  to  the  great  importance  of  a  proper  series  of  tests  of  American  timber,  such  aa 
have  been  inaugurated  in  the  Forestry  division  of  your  Department.  While  some  investigations  have  been  made  in 
this  line,  they  have  not  been  conducted  in  a  thorougli  anil  systematic  manner  and  under  the  same  conditions,  aud  con- 
sequently are  neither  complete  nor  comparable.  1  do  not  think  your  Department  could  render  a  greater  service 
to  the  eugiueers.  architect«,  builders,  and  all  others  interested  in  the  use  of  timber,  than  to  carry  out  the  scheme 
proposed  for  a  complete  series  of  tests  of  all  American  timber  used  in  industrial  and  engineering  work,  and  I  hope 
that  Congress  may  make  the  necessary  appropriations  to  enable  you  to  proceed  with  the  same. 

Joseph  Wood,  general  manager  Pennsylvania  Company;  E.  B.  Taylor,  general  superintendent 
of  Tran.sportation  Pennsylvania  Lines,  West  Pitt.'sburg;  A.  B.  Starr,  superintendent  Penn.sylvania 
Company;  J.  Becker,  chief  engineer  Illinois  and  St.  Louis  Railway  Company,  Pittsburg,  Pa.: 

We,  the  undersijfned,  members  of  the  American  Society  of  Civil  Engineers,  beg  leave  to  urge  upon  yon  the 
necessity  and  importance  of  continuing  the  investigation  of  the  ])hysical  properties  of  American  timbers  as  related 
to  their  conditions  of  growth  and  the  uses  to  which  they  are  put.  Such  investigations  would  be  of  the  greatest 
value,  not  only  to  engineers,  architects,  and  builders,  but  to  all  users  of  timber  and  to  the  public  generally.  We 
nnderstanil  that  the  work  has  been  started  with  but  limited  appropriations,  but  we  trust  that  you  will  see  ytmr  way 
clear  to  arrange  for  its  iirosccution  with  greater  energy,  to  the  end  that  some  final  results  may  be  reached  at  as 
early  a  date  as  possible.  From  the  character  of  the  work  a  certain  time  must  elapse  before  getting  such  results, 
but  unless  carried  on  without  interruptioti  a  great  deal  of  what  is  already  achieved  will  be  lost,  besides  putting  off 
the  day  when  this  valuable  information  will  be  disseminated. 

Engineer.-*'  Club,  of  Philadelphia,  Howard  Murphy,  secretary,  Philadelphia,  Pa.: 

At  the  last  meeting  of  the  Engineers'  Club,  of  Philadelphia,  it  was  ordered  that  the  socret^iry  be  requested  to 
express  to  you  its  appreciation  of  the  great  importance  of  the  extensive  testa  of  timber  recently  undertaken  by  your 
Deiiartmeiit,  anil  the  hope  that  such  ajipropriations  may  be  granted  as  will  enable  the  work  to  be  carried  out  upon 
the  grand  scale  jiriyeeted,  and  thus  insure  for  it  the  desired  degree  of  usefulness. 

R.  C.  Morris,  chief  eiig'rXa.shville,  Chattanooga  and  St.  Louis  Railway  Co.,  Na.shville,  Tcnn.: 

The.se  examinations  will  prove  of  inestimable  value  to  engineers,  architects,  builders,  railroads,  lumber  manu- 
facturers and  dealers,  and  to  the  public  gener.-illy.  There  is  certainly  a  great  demand  for  sucli  scientific  investiga- 
tions. During  the  practice  of  my  ])rofession,  1  have  often  felt  the  necessity  and  importance  of  the  information  these 
examinations  and  tests  will  supply.     Hence  I  beg  to  nrge  upon  you  the  necessity  and  importance  of  this  work. 

L.  L.  Ivaiidoli»h,  engineer  of  tests,  Baltimore  and  Ohio  Railroad  Company,  Baltimore,  Md.: 

This  inforinntion  would  be  extremely  valuaVde  to  the  engineers  of  the  country,  and  would  in  the  end  save  the 
people  at  large  much  money.  As  you  are  aware,  investigations  of  this  character  have  to  be  ])aid  for.  and  it  frequently 
ha]>pen8  that  engineers  in  different  parts  of  the  country  simply  duplicate  each  other's  tests,  with  the  result  that  the 
infiirniatioii  gained  costs  four  or  five  times  as  much  as  it  should.  Of  course  this  incre.ises  the  cost  of  the  building 
or   whatever  work  is  being  done,   and  this  again  comes  out  of  the  pockets  of  the  people  at  large. 

1).  C.  Ilumplirey.s,  prof,  applied  mathematics,  Washington  and  Lee  University,  Lexington,  Va.: 

I  am  glad  to  see  that  your  Department  has  commenced  what  I  hope  will  bo  a  complete,  elaborate,  and  exhaustive 
lest  of  the  jdiysical  properties  of  American  timbers.  .'?iich  an  investigation  is  very  much  D«6ded  aud  the  resulting 
knowledge  will  be  of  incalculable  value  to  engineers  in  designing  structures  in  wood. 
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iS.  "W.  Eobinson,  professor  of  meclianical  engineering,  OMo  State  University,  Columbus,  Ohio: 

]  consider  flie  testing,  as  outlined,  to  be  of  highest  importance  to  engineers,  builders,  furniture  manufacturers, 
efcO.,  and  would  urge  such  aid  as  can  be  given  it. 

H.  G.  Kelley,  resident  engineer  St.  Louis  Southwestern  Eailwajj  Company,  Texarkana,  Tex.: 

I  desire  to  express  my  deep  interest  in  this  work.  The  value  of  it  will  be  incalculable,  not  only  to  the  railroads 
but  to  the  building  interests  of  the  country.  The  professional  knowledge  of  the  qualities  of  the  different  timbers 
in  the  various  parts  of  the  country  is  now  abuost  a  purely  professional  experience,  which,  at  best,  is  a  very  uncertain 
factor  for  the  engineer  and  builder.  I  shall  take  great  pleasure  in  furnishing  all  the  assistance  I  can  to  such  agents 
or  experts  as  may  be  sent  out  by  the  Department,  and  will,  at  all  times,  consider  it  a  pleasure  to  give  such  infor- 
mation, either  persoDally  or  by  mail. 

C.  H.  Benzenberg,  city  engineer,  Milwaukee,  Wis. : 

These  examinations  will  prove  of  inestimable  value  to  all  engineers,  builders,  architects,  manufacturers,  and  the 
public  in  general,  and  the  labors  of  your  Department  in  this  direction  will  certainly  be  most  heartily  appreciated  by 
all  those  interested  in  the  same.  The  great  expense  incident  to  a  thorough  set  of  tests  extending  over  a  number  of 
years  has  prohibited  most  engineers  or  manufacturers,  or  even  railroad  companies,  from  entering  into  the  subject  to 
any  great  extent,  and  hence  it  is  most  gratifying  to  know  that  the  Government  has  commenced  this  w.ork,  which 
will  be  of  the  greatest  importance  to  all  concerned. 

Amory  Coffin,  chief  engineer  Phoenix  Iron  Works,  Phoenixville,  Pa. : 

Referring  to  the  investigation  of  the  physical  properties  of  American  timbers,  recently  begun  in  the  Forestry 
Division  of  the  Department  of  Agriculture,  I  beg  to  express  to  you  my  high  appreciation  of  the  value  of  the  results 
sought  to  be  obtained.  I  heartily  trust  that  you  will  urge  upon  the  proper  authorities  the  importance  of  this  work, 
in  order  that  the  information  desired  may  at  an  early  date  be  available  for  the  use  of  the  engineers,  architects,  build- 
ers, and  general  public  of  our  country. 

H.  W.  King,  secretary  King  Iron  Bridge  and  Manufacturing  Company,  Cleveland,  Ohio: 

I  trust,  as  this  investigation  would  be  of  great  value  to  engineers  and  builders  and  the  public  generally,  that 
you  will  succeed  in  securing  the  necessary  appropriation  from  Congress  for  this  purpose.  Pa  fact  I  do  not  see  how 
you  can  have  any  trouble  in  getting  it,  when  the  information  is  so  necessary  to  every  one. 

J.  H.  Hinton,  lumber  dealer,  Lumberton,  Miss.: 

The  tests  of  timber,  as  carried  on  by  Professor  Johnson,  of  St.  Louis,  we  think  a  very  important  work,  and  one 
that  is  bound  to  result  in  much  good  to  the  building  trades,  as  well  as  to  railroad  interests.  I  trust  you  will  use 
your  influence  to  secure  a  liberal  appropriation. 

D.  H.  Burnham,  engineer  of  construction,  World's  Columbian  Exposition,  Chicago,  111.: 

Such  an  investigation  as  this  will  be  of  the  greatest  value  to  the  engineers  and  architects,  and  the  value  will 
be  increased  in  ]iroportion  to  the  rapidity  with  which  the  work  is  done  and  the  results  are  published.  We  need 
such  investigations  and  need  them  now.  Professor  Lanza's  tables,  published  recently,  show  that  the  old  stress 
used  for  timber  was  much  too  high,  but  we  need  additional  and  still  more  extended  investigations.  When  I  was 
appointed  engineer  of  construction.  World's  Columbian  Exposition,  August  1,  I  found  it  necessary  to  make  changes 
in  most  of  the  buildings  because  I  did  not  dare  to  use  as  high  unit  stress  in  timber  as  was  used  by  my  predecessor, 
although  he  claimed  to  be  perfectly  safe  in  his  strains  and  brought  forward  authorities— Trautwine  and  others — 
to  prove  his  statements.  I  earnestly  hope  that  Congress  will  make  a  liberal  appropriation  for  this  purpose,  and 
that  speedily. 

J.  T.  Fanning,  M.  A.  S.  C.  E.,  consulting  engineer,  Minneapolis,  Minn.: 

Permit  me  respectfully  to  iirge  upon  your  Department  the  importance  of  continuing  the  elaborate  investigations 
and  experimental  determinations  of  the  proiDerties  of  American  timbers,  as  already  inaugurated  in  the  Forestry 
Division,  under  your  direction.  The  experience  of  designers  of  architectural  and  engineering  structures  teaches 
that  the  results  will  prove  of  inestimable  value. 

George  H.  Pegram,  M.  Am.  Soc.  C.  E.,  civil  and  mechanical  engineer,  St.  Louis,  Mo.: 

I  do  not  know  of  any  work  of  more  importance  to  engineers  than  the  timber  investigations  and  tests,  now 
being  conducted  by  the  Government.  As  the  timber  is  cut  olf  and  the  selection  becomes  more  and  more  restricted, 
a  more  thorough  knowledge  becomes  almost  imperative. 

C.  M.  Bolton,  chief  engineer  Eichmond  and  DanviUe  Eailroad  Company,  Atlanta,  Ga. : 

Information  to  be  derived  from  these  tests  will  be  exceedingly  valuable,  especially  to  civil  engineers  and  rail- 
roads. 1  will  be  very  glad  if  you  will  have  my  name  put  on  your  list  for  the  reports  of  tests  that  will  be  from  time 
to  time  issued. 

E.  B.  Codwise,  M.  Am.  Soc.  C.  E. ;  C.  E.,  Kingston,  K  T. : 

The  results  of  this  investigation  will  prove  of  great  value  to  all  engineers,  architects,  and  others  engaged  in  the 
erection  and  care  of  timber  structures.  *  *  *  i  would  urge  upon  you  the  great  importance  of  the  work,  and 
trust  that  you  may  obtain  the  necessary  appropriations  for  its  speedy  completion. 
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Sainncl  M.  Gray,  consulting  engineer,  Providence,  R.  1.: 

The  {jiiieral  pnicliial  value  of  the  resultK  of  these  t«8t«  to  all  eiigiueers  and  mechanics  using  tiujber  for  con- 
struction of  dirt'en-ut  works  can  not  be  overetttiiiiated. 

Oberliu  Smith,  Am.  Sue.  0.  E.;  Am.  Sue.  Mechl.  E.;  Am.  I.  M.  E.;  Bridgeton,  N.  J.: 
I  thiuk  I  ouly  ajjree  with  the  great  majority  of  practical  eugiueers  in  believing  that  this  is  a  subject  of  vast 
importance  to  the  industries  of  the  country,  as  knowledge  obt;uued  in  such  a  systematic  and  thorough  mnniier  is  of 
intiuitcly  more  value,  a«  well  as  very  much  cheaper,  thau  can  be  the  result*  of  hajdiazard  experimentji  by  individuals. 
I  hopi)  tliat  the  Congnssinual  <oinniitt<'e  in  <  liarge  of  the  matter  may  be  brought  to  see  of  how  great  consequence 
are  oxperiments  of  this  kind,  and  that  they  should  be  made  in  the  most  tliorough  raanuer  possible  that  their  results 
may  settle  once  for  all  many  puzzling  questions  tlmt  ufHiit  the  en^'iucer  as  well  as  the  manufacturer,  mercliant. 
and  user  of  all  kinds  of  timber  in  every  form. 

B.  T.  Morse,  civil  engineer  and  architect,  inspector  of  buildings,  Cleveland,  Ohio: 

.Such  investigations,  examinations,  and  tests  as  are  proposed  to  be  made  by  the  Forestry  Division  o»'  thi" 
Department  of  Agriculture  will  be,  in  my  judgment,  of  great  value  to  architects,  engineers,  builders,  .ind  the 
public  generally. 

A.  Fteley,  chief  engineer  aqueduct  commission;  vice-president  Am.  Soc.  C.  E.,  New  York  City . 

The  engineering  and  other  building  professions  are  very  much  in  need  of  the  tests  of  timber,  and  an  appro- 
priation to  that  end  would,  in  my  judgment,  be  useful  ami  timely. 

W.  L.  Cowles,  chief  engineer  Youngstown  Bridge  Company,  Young.stown,  Ohio: 

There  can  be  no  doubt  that  this  work  will  bo  of  the  greatest  practical  benetit  to  all  parties  engaged  in  occupa- 
tions which  involve  the  use  of  timber,  and  it  is  very  important  that  our  knowledge  of  the  properties  of  diflerent 
timbers  should  be  as  thorough  a,s  possible.  We  trust  that  increased  appropriations  may  be  secured  to  engage  in 
this  work. 

H.  V.  Hinckley,  ollite  eugixiccr,  Atchison,  Topeka  and  Santa  Fe  Railroad  Co.,  Tojieka,  Ivans.: 

If  these  tests  are  carried  on  as  suggested,  they  can  not  fail  to  be  of  vast  benetit  to  the  engineering  profession,  to 
the  bridge  and  building  fraternity,  and  to  railroads  especially.  I  heartily  recommend  the  t<jsta  for  your  hearty 
cooperation. 

J,  A.  L.  Waddell,  constructing  bridge  engineer,  Kansas  City,  Mo.: 

I  indorse  most  heartily  the  action  taken  by  the  Department  of  Agriculture  in  this  matter.  The  results  of  the 
proposed  tests,  in  my  opinion,  would  be  of  incalculable  value  to  the  members  of  the  eugiueeriug  profession,  as  well 
as  to  many  others. 

(G)   The  icorlc  is  of  grratcat  practical  hcnefit  audits  importance  can  not  he  overestimated. 

John  MacLeod,  constructing  engineer,  Am.  Soc.  C.  E.,  Louisville,  Ky.: 

As  an  engineer  in  active  practice  of  general  constructive  work,  and  representing  a  large  clientage  whoso 
interests  will  be  greatly  affected  by  the  investigations  and  tests  being  made  by  the  General  Government  as  to  the 
physical  ]iropertiis  of  .Vmcrican  timbers,  I  beg  to  be  allowed  to  express  my  appreciation  of  the  great  value  of  this 
Work  to  all  who  have  to  do  with  limber  in  any  of  its  multifarious  forms,  of  the  admirable  organization  and  methods 
for  carrying  on  the  investi>;ations,  and  of  the  ability  and  special  (|ualiti('ationa  of  the  gentlemen  selected  for  the 
work  which  is  a  guaranty  that  it  will  be  exhaustive  and  the  results  reliable.  Scientific  investigations  and  te-sts 
of  American  timber  are  a  national  need,  second  only  in  importance  to  similar  tests  of  iron  and  Bt«el,  and  there  is  a 
growing  want  in  every  dejiartuient  of  construction  of  the  information  that  these  investigiktious  will  develop,  and 
nothing  shouM  be  albiwed  to  retard  the  work. 

Tliomas  Rodd,  chief  engineer  Penn.sylvania  lines  west  of  Pittsburg,  Pittsburg,  Pa.. 

Such  investigations  would  be  of  tin-  greatest  value  not  only  to  engineers,  architects,  and  buililers,  but  to  all 
\isers  of  timbiT  anil  to  the  ])ublic  generally.  I  uuderstaml  that  the  work  has  been  started  with  but  limited 
ap)>ri>])riations,  but  I  trust  that  yon  will  si-e  your  way  cle.'ir  to  arrange  for  its  prosecution  with  greatt^r  energy,  to 
the  end  that  some  final  results  may  In-  reiirlied  at  as  early  a  day  iis  jiossible.  From  the  character  of  tin-  work  a  cert.'iin 
length  of  time  must  elajiso  bi'fore  getting  such  results,  but  unless  carried  on  without  interruption  a  great  deal  of 
what  is  aln.-ady  achieved  will  be  lost,  besides  putting  olT  the  day  when  this  valuable  information  will  be  disseminated. 

P.  C.  Ricketts,  professor  mechanics,  Rensselaer  Poly,  Inst.;  M.  Am.  Soc.  C.  E.,  Troy,  N.  Y. : 

I  write  to  express  my  o|)inion  as  to  the  very  great  value  of  this  work  to  the  jieople  generally. '  Such  experimenis 
necessarily  can  not  be  carried  on  by  jtrivate  individuals,  an<l  the  results  obtained  far  exceed  in  value  any  outl.'iy 
that  might  be  necessary  in  making  the  determinations.  I  hope  that  the  work  will  be  pushed  forward  to  a  rapid 
completion.  '' 

R.   H.  Thurston,  director  Schools  of  Mcch.  Eng.  and  Mech.  Arts,  Cornell  University: 
This  work  is  regarded,  I  am  sure,  by  all  engagid  either  in  scientillc  or  commercial  work,  in  which  the  nature, 
properties,  and  coublructive  values  uf  our  timber  trees  are  a  matter  of  conKe<|nenco,  as  one  of  the  most  important  and 
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directly  useful  .schemes  of  scientific  investigation  ever  yet  undertaken,  and  all  will  be  very  much  gratified  that  so 
extensive  and  satisfactory  a  work  has  been  undertaken  by  such  competent  authorities.  Its  value  to  the  wliole  country 
is  likely  to  prove  vastly  more  than  commensurate  with  its  cost  and  witli  the  time  expended  upon  it.  This  is  not  an 
individual  opinion  only,  but  is  that  of  competent  judges  throughout  the  world,  as  is  wituossod  by  the  still  earlier 
action  of  the  probably  best  organized  forestry  department  in  the  world,  that  of  the  Prussian  Government.  No  other 
country  has  even  approximately  the  number  and  variety  of  timber  trees  possessed  by  the  United  States ;  and  in  no 
other  part  of  the  world  is  the  complete  study  of  their  useful  qualities  so  important.  The  rapid  extinction  of  pine 
timber  in  the  older  sections  formerly  possessing  large  areas  of  pine  lands,  the  imi^erative  necessity  of  iindiug  suitable 
substitutes,  and  the  even  more  imperative  necessity  of  finding  promptly  a  way  to  inaugurate  the  replacement  of 
this  lost  forest,  as  a  matter  of  sanitation  and  climatic  regulation,  and  of  making  this  substitution  by  cultivating  the 
best  timber  trees,  are  facts  which  sufficiently  well  indicate  the  vital  importance  of  the  work  already  undertaken  by 
your  Department. 

0.  J.  H.  Woodbury,  vice-president  Boston  Manufacturers'  Mutual  Fire  Insurance  Company : 

By  way  of  introduction,  I  would  say  that,  although  an  offlcer  of  an  insurance  company,  we  confine  our  business 
entirely  to  underwriting  upon  manufacturing  property,  and  my  duties  largely  pertain  to  the  numerous  questions  of 
engineering  involved  in  these  matters.  The  only  method  of  floor  construction  found  feasible  in  our  mills  has  been 
to  construct  such  floors  of  very  heavy  tunber,  because  iron  is  not  so  well  suited  for  that,  as  its  anvil-lik-e  rigidity 
causes  the  machinery  to  hammer  itself  to  destructive  results.  The  use  of  timber  in  mill  work  has  been  largely  based 
upon  precedent,  and  but  very  little  has  been  done  outside  of  my  own  work  on  the  matter  of  properly  organizing  and 
formulating  such  results  and  methods.  I  do  not  know  how  I  can  call  your  attention  to  the  importance  of  a  careful 
investigation  upon  the  physical  properties  and  strength  of  timber  for  mill  work  in  other  ways  than  to  say  that,  by 
the  metliod  of  slow-burning  construction  in  vogue  in  this  country,  mills  are  built  at  a  cost  of  75  cents  for  every  square 
foot  of  floor,  while  the  corresponding  method  of  building  mills  in  use  in  England  involves  a  cost  of  about  $1.50  per 
square  foot  of  floor.  The  fire  hazard  of  the  American  mill  is  also  much  less,  such  mills  being  insured  at  a  cost  of  about 
one-fifth  of  1  per  cent;  whereas  the  cost  of  insuriug  the  corresponding  English  mill  largely  exceeds  this. 

J.  W.  Andrews,  assistant  chief  engineer  Omaha,  Kansas  Central  and  Galveston  Eailroad  Co. : 

Learning  that  your  Department  has  begun  a  series  of  tests  of  American  timber,  I  beg  to  tender  my  wishes  for  a 
full  and  elaborate  investigation  into  the  physical  properties  of  our  woods  and  their  uses.  With  railroad  men  the 
economic  value  of  such  tests  will  be  incalculable,  because  of  the  great  ignorance  on  this  subject,  which  often  leads  to 
serious  results,  not  only  in  railroad  bridges,  but  in  large  buildings.  Many  serious  accidents  and  much  loss  of  human, 
life  might  be  averted  if  eugineers  and  mechanics  knew  precisely  the  value,  in  strength  and  durability,  of  the  various 
woods  in  structural  uses. 

George  F.  Swain,  professor  of  civil  engineering,  Mass.  Institute  of  Technology,  Boston,  Mass. : 

I  desire  to  express  in  the  strongest  terms  my  appreciation  of  the  work  which  you  have  inaugurated,  and  to  bear  my 
testimony  to  the  great  value  which  the  results  will  have  for  all  jiersons  interested  in  building  or  having  to  do  with 
the  use  of  timber.  I  think  that  you  and  your  Department  are  to  be  congratulated  upon  having  been  the  first  to  enter 
upon  a  work  of  great  importance,  and  I  sincerely  trust  that  nothing  may  interfere  with  its  successful  prosecution. 

A.  G.  Compton,  professor  applied  mathematics,  College  of  the  City  of  New  York,  New  Tork : 

My  attention  has  been  called  to  the  investigation  into  the  properties  of  American  timbers  now  being  conducted 
by  the  Department  of  Agriculture,  and  I  write  to  express  to  you  my  sense  of  the  great  value  which  such  a  work  may 
have  if  conducted  in  a  thoroughly  scientific  spirit.     I  hope  the  undertaking  will  receive  hearty  support. 

W.  G.  Curtis,  general  manager  Southern  Pacific  Company,  San  Francisco,  Cal. : 

Our  attention  has  been  called  to  the  comprehensive  timber  tests  recently  inaugurated  in  the  Forestry  Division  of 
the  Deijartment  of  Agriculture.  Without  doubt  such  tests  will  be  of  great  benefit  to  the  scientific  world,  as  well  as 
•JO  the  public  generally,  and  we  think  it  important  that  the  ijivestigations  be  vigoroirsly  prosecuted  and  carried  to 
final  conclusions  at  an  early  date. 

WiUiam  B.  Jenkins,  receiver  New  Orleans  and  Northwestern  Eailway  Co.,  Natchez,  Miss. : 

Such  a  work  will  be  invaluable  to  the  engineers,  architects,  builders,  railroad  companies,  lumber  manufacturers 
and  dealers,  and  to  the  piiblic  generally.  But  few  tests  have  been  made  of  Southern  timbers,  whilst  the  Southern 
States  are  full  of  the  most  vahiable  and  durable  kinds  of  wood,  all  suitable  for  building  purposes.  Tests  of  these 
timbers,  giving  weights  and  strength,  will  fill  a  want  long  felt.  In  many  instances  an  engineer  has  to  refer  to  an 
English  authority  for  information  in  regard  to  building  timbers.  Eailroad  classifications  are  based  upon  such  infor- 
mation as  can  be  obtained  only  by  approximation.  Consequently  this  work,  when  completed,  will  be  in  great 
demand. 

John  J,  Ganahl,  president  Ganahl  Lumber  Company,  St.  Louis,  Mo, : 

We  consider  it  of  very  great  importance  for  the  Government  to  make  the  necessary  appropriations  for  obtaining 
the  required  tests  by  scientific  investigations,  to  ascertain  the  strength  and  durability  of  the  different  kinds  and 
qualities  of  our  forest  products.  We  trust  that  you  will  use  every  opportunity  for  obtaining  the  necessary  funds  to 
make  the  desired  tests,  to  enable  us  to  give  the  information  wanted  to  our  customers  in  order  to  guide  them  to  use 
the  proper  kind  of  lumber  in  the  construction  of  the  different  classes  of  buildings. 
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E.  E.  Kelley,  sec.  Texas  and  Louisiana  Lumber  Manufacturers'  Association,  Beauraoiit,  Tex.: 

The  meuibers  of  thU  aseiociation  are  takiug  a  deep  intereat  in  the  tests  of  American  timbers  now  being  made  under 
the  supervibion  of  the  Department  over  which  yon  so  ably  preside,  and  triuit  to  see  them  prosecuted  to  an  early  com- 
pletion. They  feel  that  great  advancement  has  been  made  in  recent  years  in  determining  the  relative  value  of  tim- 
bers, but  they  are  also  cognizant  of  the  fact  that  much  remains  to  be  done,  and  they  hope  for  adviuitageous  rosultA 
from  the  in \  est iga lions  nnw  lieing  made  b-y  the  Forestry  Division  of  your  Department.  If  you  will  indicate  how  this 
UMuciatlon  may  be  of  service  in  promoting  the  investigations  it  will  readily  extend  you  all  the  assist:iiice  in  its  power. 

Colciiiau  Scllens,  Am.  lust.  C.  E.,  cousultiiij;  engineer,  PLilaUelijhia,  Pa.: 

I  aiiprehend  that  Congress  has  not  fully  ajtpreciuted  the  inijiortauce  of  this  work,  which  bears  upon  so  many 
inilustries  in  the  United  .States  and  is  of  such  vital  importance.  I  have  had  occasion  t^  seek  for  information  in  this 
direction  lati-ly.  and  have  met  with  so  much  dilliculty  in  liiiding  what  I  wanted  that  1  sincerely  Impe  that  the  work 
will  go  on,  and  that  publications  will  be  made  from  time  to  time  by  you  that  will  give  users  of  wood  the  fullest  in- 
formation in  regard  to  the  resources  of  our  country  in  this  direction. 

W.  W,  Cue,  chief  engineer  Norfolk  and  Western  liailroad  Company,  Koanoke,  Va. : 

I  note  with  great  pleusuxo  that  this  work  has  been  commenced,  and  believe  that  an  investigation  of  this  matter 
will  be  very  useful  and  instructive.  Personally  I  shall  be  glad  to  aid  in  any  way  in  my  jiower  in  furtherance  of  such 
investigation,  and  will  take  pleasure  in  recommen<ling  to  our  comjiany  that  they  afl'ord  means  for  obtaining  and  trans- 
porting specimens,  should  it  be  desired  by  the  Department. 

M.  G.  Howe,  receiver  Houston,  East  and  West  Texas  Railway  Company,  Houston,  Tex.: 

Having  had  many  years'  experience  in  the  use  of  timber  in  the  construction  and  operation  of  railroads,  I  fully 
apjireciate  the  importance  of  the  proposed  work,  both  to  the  railroad  interests  and  to  the  general  public,  and  feel  that 
I  can  not  urge  too  strongly  the  necessity  of  continuing  this  work  in  a  practical  way. 

L.  M.  Haupt,  A.  M.,  C.  E.,  University  of  Penn.sylvania,  Pbiladelpliia.  Pa. : 

The  work  will  be  of  inestimable  value  to  the  country  in  furnishing  correct  data  to  engineers  and  architect*,  and 
I  trust  that  Congress  will  exercise  u  wise  liberality  in  this  matter  of  so  great  utility  by  making  a  liberal  appropria- 
tion for  its  continuance. 

0.  Palmer,  engineer  Chicago  and  Northwestern  Railway  Co.,  Am.  Soc.  C.  E.,  E.scambia,  Mich.: 

In  view  of  the  extensive  use  of  timber  in  important  structures,  no  reasonable  expense  should  bo  spared  to  make 
the  tests  exhaustive  and  reliable. 

(7)  Such  a  tcork  muM  be  carried  on  by  the  Government,  became  it  is  too  difficult  and  expensive  to 
be  undertaken  by  private  parties. 

Robert  Moore,  chief  engineer  St.  Louis  Merchants'  Bridge  Terminal  Railway,  St.  Louis,  Mo. : 

.Vllow  me  to  exprc.Hs  my  sen.so  of  the  great  value  to  engineers  and  all  users  of  timber  of  the  investigation  now  in 
progress  under  your  direction,  and  my  strong  wish  that  nothing  may  interrupt  it  until  fully  completed.     It  is  a  work 
of  a  kind  which  can  not  bo  done  by  any  private  individual  or  corporation,  and  when  once  done  in  the  manner  in  which 
it  has  now  been  begun  will  be  done  for  all  time. 

Theo.  Cooper,  C.  E.,  mechanical  engineer,  35  Broadway,  New  York,  N.  Y.: 

The  study  and  investigation  of  the  characteristics,  properties,  and  capabilities  of  the  great  variety  of  timber  of 
onr  country  is  a  most  desirable  work.  It  would  not  be  possible  to  have  such  invostigutiona,  requiring  many  ye.irs  of 
careful  ubservatinns.  work,  and  record,  undertaken  by  private  means  or  through  the  ]>ersonal  action  of  isolated  inves- 
tigators. The  benclits  of  such  researches  would  bo  immediately  felt  by  the  whole  pex>ple,  equally  by  tlie  laborer  and 
the  capitalist.  .\s  the  benefit  would  be  for  no  one  class,  but  for  the  whole  people,  it  is,  in  my  opinion,  a  proper  field 
for  govenjmental  action. 

George  S.  Lac«y,  vice-president  and  general  manager  Keystone  Lumber  and  Improvement 
Company,  Bogue  Chitto,  Miss. : 

I  can  not  too  highly  recommend  to  your  favorable  consideration  this  scheme,  believing  that  it  is  a  step  in  the  right 
direction.  The  .Southern  Lumberman's  Association  (of  which  I  have  the  honor  of  being  vice-president)  have  contrib- 
uted $oOO  to  aid  in  furthering  the  same  object,  but  this  whole  matter  is  one  that  can  be  reached  only  by  such  action 
mid  exi>enditure  of  money  as  the  General  Governnn-nt  could  afford.  The  diversity  of  our  forest  productj*  is  so 
immense  that  no  one  party  or  persons  engaged  in  but  one  line  can  att<-ni|it  to  intelligently  enter  on  this  field  with 
any  idea  of  its  investigations  being  comparatively  of  any  good. 

.1.  V.  Frizell,  chief  engineer  bt)ard  of  i»ul»lic  work.s,  Austin,  Tex.: 

While  niiirh  legislation  h.is  l:it40y  been  enact4-d  and  great  expenditures  have  bi««>n  autliofizeii  lur  oliject.s  the  pro- 
priety of  which  is  the  subject  of  fierce  anil  bitter  ronteniion,  there  can  be  no  question  in  any  well-informi'<l  miinl  as 
to  the  propriety  of  liberal  expenditures  for  such  objects  as  this;  to  procure  information  for  the  people  which,  from 
the  nature  of  the  cose,  they  can  not  procure  for  themsulvos. 
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W.  S.  Pope,  pj.esi(leut  Detroit  Bridge  and  Iron  Works,  Detroit,  Micli. : 

It  is  plain  that  such  investigations  can  be  thoroughly  and  authoritatively  made  only  by  the  General  Govermueut, 
and  as  every  citizen  is  more  or  less  interested,  it  seems  an  eminently  proper  branch  of  governmental  work. 

Horace  Andrews,  city  engineer,  Albany,  N.  Y. : 

I  can  urge  the  utility  of  such  tests  with  great  coniSdence,  and  can  see  no  way  in  which  a  complete  series  of  tests 
can  be  made  without  Government  aid.  Data  as  to  the  strength  of  metals  are  more  easily  obtained  by  private  enter- 
prise and  necessity,  but  no  exhaustive  experiments  on  the  strength  of  American  timber  can  be  expected  from  private 
sources. 

Ohauncey  Ives,  chief  engineer  Cumbei^land  Valley  Eailroad,  Ohambersburg,  Pa. : 

The  tests  should  be  made  of  full-sized  pieces  as  used  in  bridges  and  buildings,  and  this  can  only  be  done  by  the 
Government,  as  no  private  individual  or  individuals  could  attbrd  the  expense.  The  result  of  such  investigations  would 
be  of  the  greatest  advantage  to  all  classes  of  citizens,  as  well  as  to  engineers,  architects,  railway  companies,  etc. 

Cliarles  M.  Jervis,  president  and  engineer  Berlin  Iron  Bridge  Company,  East  Berlin,  Conn. : 

The  field  is  so  large  that  no  private  party  can  furnish  the  means  to  conduct  the  investigation  in  regard  to  the 
physical  properties  of  American  timber,  and  as  it  is  of  the  greatest  importance  to  engineers  and  architects  that  the 
work  be  continued,  we  request  that  you  will  urge  upon  Congress  the  advisability  of  making  an  extra  apjiropriation 
for  this  purpose. 

M.  L.  Holman,  Am.  Soc.  0.  E.;  Am,  Soc.  M.  E.,  etc.,  St.  Louis,  Mo.: 

A  complete  investigation  should  be  made  and  the  results  formulated  for  the  use  of  architects  and  engineers.  As 
this  vs'ork  can  be  carried  on  by  the  United  States  Government  only,  I  have  the  honor  to  request  that  you  will  endeavor 
to  have  the  investigation  continued  and  the  results  published. 

William  Cain,  i^rofessor  of  engineering  and  mathematics,  University  of  iSTorth  Carolina,  Chapel 
Hill,  N.  C. : 

I  regard  these  tests  as  the  most  valuable  to  the  engineer  that  could  be  undertaken  at  this  time.  Tests  on  iron  and 
steel  are  counted  by  the  thousand;  but  very  few  satisfactory  tests  have  been  made  on  timber,  nor  j)robably  will  be, 
until  the  Government  steps  in  and  makes  an  exhaustive  investigation. 

(8)  Public  money  could  hardly  he  expended  for  a  better  object,  or  for  one  so  lilcely  to  secure 
valuable  results. 

Walter  Katte,  chief  engineer  New  York  Central  and  Hudson  Eiver  Eailroad  Company,  New 
York;  Am.  Soc.  C.  E.,  M.  L  C.  E.,  Great  Britain;  M.  West'n  Soc.  C.  E.: 

I  think  there  can  be  but  one  opinion  in  regard  to  the  very  great  importance  of  such  investigations  as  are  con- 
templated, and  of  their  immense  benefit  and  usefulness  to  all  parties,  and  especially  to  those  engaged  in  the  use  of 
timber  for  manufacturing  and  constructive  purposes.  Personally,  I  would  be  very  glad  indeed  to  see  these  labors 
completed  at  the  earliest  possible  date,  in  order  that  the  valuable  information  derived  from  them  may  be  fui'uished 
for  use  at  the  earliest  possible  time.  I  can  hardly  conceive  of  an  expenditure  of  public  money  for  a  better  object,  or 
for  one  so  likely  to  return  the  most  valuable  results,  in  which  such  a  large  proi^ortion  of  the  citizens  of  this  country 
are  directly  and  tinancially  interested. 

C.  C.  Martin,  chief  engineer  and  superintendent  New  York  and  Brooklyn  Bridge,  Brooklyn, 

N.  Y.: 

Tests  have  been  made,  from  time  to  time,  which  possess  some  value,  but  nothing  to  compare  with  the  complete 
series  that  Mr.  Fernow  proposes.  In  my  judgment,  no  better  use  could  be  made  of  money  than  in  ascertaining  the 
physical  qualities  of  American  timbers.  The  building  and  engineering  industries  would  be  immensely  benefitted 
thereby.    The  plan  laid  out  is  an  excellent  one. 

James  Christie,  Am.  Soc.  C.  E.;  Am.  Soc.  Mech'l  Engrs.;  A.  A.  A.  S.,  Pencoyd,  Pa.: 

The  growing  scarcity  and  increased  cost  of  our  timbers  render  it  important  that  their  use  should  be  governed 
by  a  more  accurate  knowledge  of  their  physical  properties  than  that  which  has  been  heretofore  possessed.  Increased 
knowledge  of  the  subject  will  tend  to  prevent  much  misapplication  and  waste  of  valuable  material.  If  Congress 
can  be  prevailed  upon  for  liberal  aid,  I  am  sure  its  action  will  be  fully  appreciated  and  it  will  be  a  crowning  act  for 
the  present  honored  administration. 

C.  L.  Strobel,  chief  engineer  Keystone  Bridge  Company  of  Pittsburg,  Pa.,  Chicago,  Hi. : 
The  determination  of  the  strength  and  other  qualities  of  timber,  with  reference  to  its  use  in  constructions,  is 
preeminently  a  Government  work,  and  I  think  that  the  means  at  the  disposal  of  the  Government  can  not  be  put  to  a 
more  useful  purpose.  Private  enterprise  is  not  interested  to  any  great  degree  in  doing  such  work,  as  the  public  will 
receive  the  principal  benefit,  in  greater  security  to  life  and  limb  and  in  greater  economy.  Such  tests  as  have  been 
made  are  incomplete,  and  the  proportions  adopted  by  different  engineers  vary  widely.  Considerable  discussion  and 
difference  of  opinion  has  only  recently  been  evolved  in  connection  with  the  unit  strains  to  be  allowed  for  the  wood 
constructions  of  the  World's  Fair  buildings.  While  many  engineers,  in  the  light  of  future  investigation,  will  prob- 
ably be  found  to  err  on  the  safe  side,  no  doubt  others  will  be  shown  to  have  erred  ui  the  other  direction. 
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"W.  F.  Allen,  secretary,  American  Railway  Association,  24  Park  Place,  New  York  City: 

I  have  the  honor  toinfunn  you  that  at  a  raeetiuK  of  the  American  Railway  AMOciatlon.  held  »t  ih.'  Hotel  Brims- 
wick  in  this  city  on  Wcliu-sday,  O.tol>ir  14,  1891,  the  following  preamble  and  resolutions  were  unanimously 
a^jreed  t«: 

Wheroaw,  the  American  Riilway  Association,  representinp  166  railroad  companies,  operatinR  about  125,000  miles  : 

of  railroad,  feeht  a  deep   interest  in  the  "timber  te^^ts"  now  being  conducted  by  the  Dei>artment  of  Agriculture:  I 

Therefore,  I 

Resolred,  That  in  the  opinion  of  this  association  this  work  is  on«  which  earuMtUy  recommenda  itself  to  the 
favorable  consideration  of  Congrcsn. 

Renohed,  That  the  secretary  be  directed  to  famish  %  copy  of  this  resolution  to  the  Hon.  Jeremiah  Eusk,  Secretary 
of  Agriculture. 

(9)  Expressing  admiration  of  the  organization  and  method  of  the  inrcstigation  as  planned  by 
the  Dirision  of  Forestry,  and  urging  ample  appropriations  by  Congress  for  prosecuting  th^  proposed 
investigation  to  a  proper  completion. 

Charles  B.  Dudley,  chemi.st,  Penn.sylvania  Railroad  Company,  Altoona,  Pa. : 

1  .should  like  to  say  that  I  must  heartily  approve  of  making  these  tests,  and  also  of  the  plan  which  h.i.s  been  out- 
lined and  is  being  carried  out  in  actually  doing  the  work.  There  is  very  great  need  of  careful  accurate  study  of  the 
value  of  our  woods,  and  no  one  appreciate*  this  necessity  more  than  those  who  constantly  use  our  native  woods  in 
construction.  I  sincerely  hope  that  Congress  will  be  so  liberal  in  its  provisions  for  this  work  that  it  will  go  on  as 
speedily  as  possible.  I  have  the  pleasure  of  Mr.  Kernow's  acquaintance,  and  regard  him  as  in  every  way  oompet«ut 
to  carry  on  such  a  system  of  tests  as  has  been  inaugurated.  If  I  can  assist  in  any  way  in  securing  the  necessary 
funds  to  bring  about  the  result  desired,  I  hope  yon  will  not  fail  to  command  me. 

C.  N.  Brovru,  professor  of  civil  eugiueeriug,  Ohio  State  University,  Columbus,  Ohio: 

These  tests  will  be  of  inestimable  value  to  all  engineers,  and  I  hope  that  they  may  be  carried  out  according  to  ^ 

the  plans  of  the  Department.     I  hope  that  yon  may  be  able  to  prevail  upon  Congress  to  make  such  appropriations  aa 
will  permit  the  work  being  pushed  with  vigor. 

J.  B.  ^Vllite,  president  Southern  Lumber  Mauufocturers'  Association,  Grandin,  Mo. : 
The  Southern  Lumber  Manufacturers'  Association  is  composed  of  the  largest  manufiicturers  of  lumber  in  nine  of 
the  Southern  States,  and  they  recently  donated  .*500  to  aid  Professor  Johnson  in  purchasing  a  machine  to  make  experi- 
mental tests  of  Southern  woods.  The  work  will  be  of  inestimable  advantage  to  the  .Southern  States  especially, 
as  their  financial  resourcea  must  largely  come  from  the  forests  which  occupy  such  a  large  proportion  of  their  domain. 
If  Congress  can  be  prevailed  upon  to  increase  the  annual  expenditure  for  this  purpose,  it  will  result  greatly  to  the 
prosperity  of  the  lumlier  States  South.     I  wish  to  urge  upon  you  the  necessity  and  importance  of  this  work. 

C.  B.  Davi.s,  hydraulic  and  sanitary  en{,nneer,  Chicago,  111.: 

I  desire  to  urge  the  great  importance  of  this  work,  of  its  vigorous  prosecution,  and  of  the  necessity  and  desira- 
bility of  a  liberal  apprn])riation  being  made  at  the  earliest  date  possible. 

J.  W.  Schaub,  engineer  Detroit  Bridge  and  Iron  Work.s,  Detroit,  Mich.: 

The  company  with  which  I  am  connected  is  engaged  in  the  designing  and  building  of  bridges  and  siniil.-»r  engi- 
neering structures,  in  which  timber  is  u.«ed  to  a  considerable  ext<?ut.  and  we  are  thus  brought  to  appreciate  the  df^sira- 
bility  of  a  more  extended  knowhdgo  of  the  various  jiroporties  thereof.  *  *  *  As  every  citizen  is  more  or  less 
dire.tly  interested,  it  seems  an  eminently  proper  branch  of  governmental  work.  I  heartily  recommend,  therefore, 
liberal  appropriations  for  the  purpose. 

W.  Howard  White,  con.sulting  and  executive  engineer,  74  Wall  street,  New  York: 

I  trust  that  the  work  already  done  on  the  t^esting  of  Unite.l  Stat««  timber  a.s  to  physical  properties  will  be  con. 
tinned  by  appropriations  from  the  next  Congress.  I  am  myself  engaged  upon  a  set  of  tables  intended  to  facilitate  the 
comet  proportioning  of  the  various  jmrts  of  wooden  buildings.  At  the  base  of  the  calculations  upon  which  these 
tables  are  nnule  lies  the  correct  factor  of  strength  to  be  used;  and  the  satisfactory  use  of  such  tables  (fepends  there- 
fore ujion  the  satisfaietory  determination  of  this  factor. 

P.  H.  Orimn,  luesident  New  York  Car  Wheel  Work.s,  Buflalo,  N.  Y.: 

My  attention  has  been  brought  to  the  proposed  Government  timber  i^M^,  and  being  impressed  with  the  impor- 
tance and  value  of  the  work,  I  trust  Congretw  will  see  fit  to  make  the  necessary  appropriations  to  carry  it  out.  I 
doom  the  result  one  of  great  benefit  to  the  imlilic. 

George  10.  Mann,  city  engineer,  Budalo,  N,  Y.: 

Heing  aware  that  the  limited  uppropriati<m  for  the  investigation  of  American  timbew  delays  the  obtaining 
prompt  and  valuable  results,  I  write  to  urge  the  recommendation  for  a  larger  appropriation  and  such  a«  the  Impor- 
tuucu  of  the  work  denuiuds. 
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SCOPE  AND  HISTORICAL  DEVELOPMENT  OF  THE  SCIENCE  OF  "TIMBER  PHYSICS." 


Whenever,  human  knowledge  in  auy  particular  direction  has  grown  to  such  an  extent  and 
complexity  as  to  make  it  desirable  for  greater  convenience  and  better  comprehension  to  group  it, 
correlate  its  parts,  and  organize  them  into  a  systematic  whole,  Ave  may  dignify  such  knowledge  by 
a  collective  name  as  a  new  science  or  branch  of  science.  The  need  of  such  organization  is  esiie- 
cially  felt  when  a  more  systematic  progress  in  accunuilating  ne\A^  knowledge  is  contemplated.  In 
devising,  therefore,  the  plans  for  a  systematic  and  comprehensive  examination  of  our  woods  it  has 
api^eared  desirable  to  establish  a  system  under  which  is  to  be  organized  all  the  knowledge  we  have 
or  may  acquire  of  the  nature  and  behavior  of  wood. 

To  this  new  branch  of  natural  science  I  propose  to  give  the  name  of  •'  timber  physics,"  a  term 
which  I  have  used  lirst  in  my  Eeport  for  1887,  Avhen,  in  devising  a  systematic  plan  of  forestry  science, 
the  absence  of  a  collective  name  for  this  class  of  knowledge  became  api)arent. 

While  forest  biology  contemplates  the  forest  and  its  components  in  their  living  condition,  we 
comprise  in  timber  physics  all  phenomena  exhibited  in  the  dead  material  of  forest  production. 

The  practical  application  of  timber  or  Avood  for  human  use,  its  technology,  is  based  upon  the 
knowledge  of  timber  physics,  and  under  this  term  ^Ye  comprise  not  only  the  anatomy,  the  chemical 
composition,  the  physical  and  mechanical  properties  of  Avood,  but  also  its  diseases  and  defects, 
and  a  knowledge  of  the  influences  and  conditions  Avhich  determine  structure,  physical,  chemical, 
mechanical,  or  technical  properties  and  defects.  This  comprehensive  science,  conceived  under  the 
name  here  chosen,  although  developed  more  or  less  in  some  of  its  parts,  has  never  yet  been  digni- 
fied by  a  special  name,  nor  has  a  systematic  arrangement  of  its  parts  been  attempted  before.  It 
comprises  various  groups  of  knowledge  derived  from  other  sections  of  science,  which  are  neither 
in  themselves  nor  in  their  relations  to  each  other  fully  developed. 

While  plant  physiology,  biology,  chemistry,  anatomy,  and  especially  xylotomy,  or  the  science 
of  wood  structure,  are  more  or  less  developed  and  contribute  toward  building  ixp  this  ucav  branch 
of  science,  but  little  knowledge  exists  in  regard  to  the  interrelation  betweeu  the  properties  of 
wood  on  one  side  and  the  modifications  in  its  composition  and  structure  on  the  other.  Ea^cu  the 
relation  of  the  properties  of  various  Avoods,  as  compared  with  each  other,  and  their  distinct  specific 
peculiarities  is  but  little  explored  and  established.  Less  knowledge  still  exists  as  to  the  relation 
of  the  conditions  Avhich  surround  the  living  tree  to  the  properties  Avhich  are  exhibited  in  its  Avood 
as  a  result  of  its  life  functions.  Suppositions  and  conjectures  more  or  less  X)lausib]e  ju'epouder- 
ate  over  positiA^e  knowledge  derived  from  exact  obserA'ation  and  from  the  results  of  exi^eriments. 
Still  less  complete  is  our  knowledge  in  regard  to  the  relation  of  properties  and  the  methods  and 
means  used  for  shaping  or  working  the  Avood. 

The  close  interrelation  of  all  branches  of  natural  science  is  now  so  Avell  recognized  that  I  need 
not  remind  my  readers  that  hard  and  fast  lines  can  not  be  drawn,  Avhereby  each  field  of  inquiry  iS' 
confined  and  limited ;  there  must  necessarily  be  an  overlapping  from  one  to  the  other.  Any  system, 
therefore,  of  dividing  a,  larger  field  of  inquiry  into  parts  is  only  a  matter  of  convenience;  its 
divisions  and  correlations  must  be  to  some  extent  arbitrary  and  A^aried,  according  to  the  point  of 
view  from  which  Ave  proceed  to  divide  and  correlate 

There  are  two  definite  and  separate  directions  in  Avhich  tliis  branch  of  natural  science  needs 
to  be  developed,  and  the  knowledge  comiirised  in  it  may  be  divided  accordingly.     On  one  side  it 
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tlraws  its  .sul)St:iin«'  l;irj:i'ly  from  lUr  inure  roiiipivlu'iisivr  lifMs  ol'  liotaiiv,  iiiolenilar  plivsits.  ami 
ilifiiiistry,  and  on  tin-  other  side  it  rests  uikjii  investijratiuus  uf  the  \v<hk1  material  iVom  tlu'  lutiiit 
i>r  view  nlmeehanies  or  dynamies.  In  the  tirst  direetinn  wr  are  It-d  ti>  deal  with  the  wikkI  material 
as  it  is,  its  nature  or  appearanee  and  nnnlitiou;  in  the  seeond  dirertiou  we  eonsider  tlie  wood 
material  in  relation  to  external  meehanieal  fnrees,  its  Inliarior  under  stress. 

The  tirst  part  is  hir;rely  «les«-riptiv»',  eoneerned  in  examinin*;  ;rr<iss  and  minute  siruetures.  phys- 
iral  ami  chemical  conditions  and  jiropi-rties.  and  ultimately  attemptin;r  to  explain  lliese  hy  reler- 
rinj,'  to  causes  and  conditions  which  pi-odui-e  them.  This  is  a  tield  lor  investi^^atiou  and  research 
by  the  jilaiit  idivsioloji^i.st  in  the  laboratory  in  connection  with  studies  of  cnviroument  in  the  forest. 
The  second  part,  whicli  relies  for  its  develojiment  mainly  upon  exiteiiment  Ity  the  engineer,  deals 
with  the  jiroperties  wlii«-li  are  a  natural  consequence  of  the  structure  physical  condition,  ami  chem- 
ical composition  of  the  wood  as  exliil)ited  under  the  a]>i>lication  of  external  nu-chanical  forces. 
Il  comprises,  therefore,  those  studies  which  contemidate  the  wikkI  substance,  with  si»eeial  refer- 
ence to  the  uses  of  man.  and  forms  ultimately  the  basis  for  the  mechanical  techiiolojry  of  wcmmI  or 
tlie  methods  of  its  use  in  the  arts. 

The  correlation  of  the  results  of  these  two  directions  of  study  as  cause  and  ellect  is  the  hij^hest 
aim  and  ultimate  ;;oal,  the  philosophy  of  the  science  of  timber  physics.  Timber  jdiy.sies.  iu 
short,  is  to  furnish  all  necessary  knowled;^e  of  the  rational  apitlication  of  w«M>d  in  the  arts,  and  at 
the  same  time,  by  retrospection,  suih  knowledjre  will  enable  us  to  iiroduce  in  our  forest  jrrowth 
ipialities  of  ;jiven  character. 

Conceived  in  this  manner  it  becomes  ihe  jiivotal  science  of  the  art  of  Ibrestry.  around  which 
the  practice  both  of  the  consunn-r  and  pntducer  of  Ibrest  j^rowth  moves. 

The  tirst  ])art  of  our  science  would  require  a  study  into  jrr<»ss  an<l  minute  anatomy,  the  struc- 
ture of  the  wood,  f(uni,  dimensions,  distribution,  and  ananjiement  of  its  «ell  elcnuMits  aud  of  ;;rouiis 
of  structural  jiarts,  not  only  in  order  to  distinjruish  the  dilVerent  w(hm1s,  but  also  to  furnish  the 
basis  for  an  explanation  of  their  ])hysical  and  mechanical  propertie.s.  We  next  Mouhl  class  here 
all  investigations  into  the  jihysical  nature  or  luoperties  of  the  wooil  material,  which  necessarily 
also  involves  an  investi;iation  into  the  chanjie  of  these  properties  under  varyinj,'  conditions  and 
inlluences.  A  third  ihapti-r  would  oi(ii]iy  itself  with  the  chemical  composition  and  jiropertiesof 
woods  and  their  chaufjes  in  the  natural  i>rocess  of  life,  wliicli  jtredicale  tlu- fui'l  \alueand  dura- 
bility as  well  as  tin'  use  of  the  wood  in  chemical  te<hnoloL;y. 

Althou^^h,  philosophically  speakin;.'.  it  would  hardly  seem  admissil)le  to  distin;.Miish  lu-lween 
physical  and  mechanical  properties  or  to  sjieak  of  ••mechanical  "  force.s,  for  the  sake  of  convenience 
and  pra<'tical  jmrposes  it  is  desirable  to  make  the  distim-tion  and  to  ♦•lassify  all  phenomena  and 
chancres  of  noidivin;:  bodies,  or  bodies  without  n-fereme  in  life  fumtions.  into  chemical,  jihysical. 
and  medianical  phenomena  and  chanjres.  As  ehenii<al  phemunena  or  chancres,  and  therefore  also 
comiitions  or  itrojierties,  we  class,  tlien,  tiiose  which  liave  relerence  to  atomic  structure;  as  phys- 
ical phenomena,  chancres  and  jnoperties,  tliose  whirh  refer  to  and  di-pi-nd  hm  molecular  arranjre- 
nu'nt ;  and  as  mechain'cal  i  molar  i  ehan;res  and  properties  tliose  whiili  concern  1  In-  masses  of  bodies, 
asexhiliited  iiiMleithe  inllmiM-e  ol' external  forces,  without  altei  iii'j  tlieir  physiial  or  clu'niical  ••(»n- 
stitution. 

There  is  no  doubt  that  this  division  is  somewhat  forced,  since  not  oidy  most  »ir  all  mechanical 
(as  here  conceive<l  I  chaufres  are  accompanied  or  i»n'ceded  by  certain  alterations  of  the  interior 
molecular  arrangement  of  the  nmss,  but  also  many  physical  ])henomena  or  jtroperlies,  like  density, 
weifjht,  shrinka;:e,  haviii;;  refen-nee  to  the  mass,  miju'ht  be  classed  as  nu*clianical;  yet.  if  wi'  con- 
ceive that  physical  phenonu-na  are  always  «'onceriu'«l  with  the  "quantity  of  nuitter  in  mole<u- 
lar  arranj,'enn'nt "  ami  with  the  chan;:es  produced  by  interitu-  tbrces.  while  the  latter  are  concerm-d 
rather  with  the  "position  of  matter  in  molecular  arranjrement  "  ami  with  chaiip's  under  applica- 
tion of  ext«'rior  forces,  the  distinction  assunn-s  a  practical  value. 

Our  conception  of  tliesii  distinctions  will  be  aide«l  if  we  refer  in  tin-  physical  laboi-at<»ry  as  fur- 
nishin;.' Ihe  evideiu'c  «if  physical  phenonu'na,  and  inilie  mechanical  Inluu'atory  a>s  furnishin;;  evi- 
dence of  nn-chanical  ]>lienomena.  f' 

Tiiese  Iatt«'r,  then,  form  the  subject  of  our  .s«'conil  or  dynamic  part  of  timber  phy.si«-,s,  which 
concerns  itself  to  ascertain  mainly  liy  experiment,  called   tests.  un«ler  applic^ition  of  the  laws  of 
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elasticity,  the  strength  of  the  material  and  other  properties  which  are  exhibited  as  reactions  to 
the  influence  of  applied  stresses,  and  those  which  need  consideration  in  the  mechanical  use  of  the 
material  in  the  various  arts. 

Having'  investigated  the  material  in  its  normal  condition,  we  would  necessarily  come  to  a  con- 
sideration of  such  physical  and  chemical  conditions  of  the  material  as  are  abnormal  and  known  as 
disease,  decay,  or  defects. 

Finally,  having  determined  the  properties  and  their  changes  as  exhibited  in  material  produced 
under  changing  conditions  or  dilfering  in  physical  and  structural  respects,  it  would  remain  the 
crowning  success  and  goal  of  this  science  to  relate  mechanical  and  jihysical  properties  with  ana- 
tomical and  physiological  development  of  the  wood  substance. 

The  subject-matter  comprised  in  this  branch  of  applied  natural^  science,  then,  may  be  brought 
into  the  following  schematic  view : 

TIMBER  PHYSICS  OR  THE  SCIENCE  OF  WOOD. 

I. — Wood  structuke  or  xylotomy. 

(a)  Exterior  form. 

Here  would  l)c  described  tlie  foiiii  developiiieut  of  timber  in  the  staiidiug  tree,  differentiated  iuto  root 
system,  root  collar,  bole  or  trunk  crown,  Ijranches,  twigs;  relative  amounts  of  material  furnished  by  each. 
(h)  Interior  structural  ap2>earaiice;  differentiation  and  arrangement  of  groups  of  structural  elements. 

Here  would  be  described  the  gross  structural  features  of  the  wood,  the  distribution  and  size  of  medul- 
lary rays,  vessels,  fibro-vascular  bundles,  as  exhibited  to  the  nsiked  ej'e  or  under  the  magnifying  glass  on 
tangential,  radial,  and  transverse  sections;  the  appearance  of  the  annual  rings,  their  size,  regularity,  dif- 
ferentiation iuto  summer  and  spring  wood,  and  all  distinguishing  features  due  to  the  arrangement  and 
proportion  of  the  tissues  composing  the  wood. 

(c)  Minute  anatomy  or  histology;  differentiation  and  arrangement  of  structural  elements. 

Here  the  revelations  of  the  microscope  are  recorded,  especially  the  form,  dimensions,  and  structure  of 
the  different  kinds  of  cells,  their  arrangement,  ])roportiou,  aud  relative  importance  in  the  resulting  tissues. 

(d)  Comjjarative  elassiji cation  of  woods,  according  to  structural  features. 

(e)  Laivs  of  loood  growth  with  reference  to  structural  results. 

Discussion  of  the  factors  that  influence  the  formation  of  wood  in  the  standing  tree. 
(/)  Abnormal  formations. 

Burls,  bird's-eye,  curly,  wavy,  and  other  structural  abnormities  and  their  causes. 
II. — Physical  properties,  /.  e.,  properties  based  on  molecular  (physical)  constitution, 
(a)  Exterior  ap2}earance. 

Such  properties  as  can  be  observed  through  the  Tiuaided  senses,  as  color,  gloss,  grain,  texture  smell 
resonance. 
(6)  Material  condition. 

Such  properties  or  changes  as  are  determined  by  measurements,  as  density  or  weight,  water  coutents 
and  their  distribution,  volume  and  its  changes  by  shrinkage  and  swelling, 
(c)  Classification  of  woods  according  to  phijsico-technical  jiroperties,  i.  e.,  such  physical  properties  as  determine  their 
application  in  the  arts. 

III. — Chemical  properties,  i.  e.,  properties  based  on  atomic  (chemical)  constitution. 
(«)   General  chemical  analysis  of  wood  (qualitative  aud  quantitative). 

Here  would  be  discussed  the  chemical  constitiition  of  different  woods  aud  different  parts  of  trees  and 
its  changes  due  to  physiological  processes,  age,  conditions  of  growth,  etc. 
(6)  Carbohydrates  of  the  wood. 

Here  would  be  more  specially  discussed  cellulose  aud  lignin,  cork  formations,  organic  contents  and  their 
changes,  and  such  properties  as  jiredicate  the  fuel  value  of  woods,  its  manufacture  into  charcoal,  its  food 
value,  puli^ing  qualities,  etc. 
(c)  Extractive  materials. 

A  knowledge  of  these  nndeiiies  the  application  of  wood  in  the  manufacture  of  tan  extracts,  resin,  and 
turpentine,  tar,  gas,  alcohol,  acids,  vanillin,  etc. 
{d)  Antiseptic  materials. 

A  knowledge  of  those  chemical  properties  which  predicate  durability  and  underlie  processes  of  increasing 
the  same, 
(e)  Mineral  constituents. 

A  knowledge  of  these  in  particular  will  establish  the  relation  of  wood  growth  to  mineral  coustitueuts  of 
the  soil  aud  also  serve  as  basis  for  certain  technical  uses  (potash). 
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IV.-MECiiAXiCAL  I'Roi-KKTiKS,  i.  c,  propcTtiw  Ud^d  -Ml  .labile  foiLlilioiii*  LxhihiUnl  by  fbe  aggrcKaU*  uia88  under 
intliuiuc  iif  fxtt-riiir  (iiifvliaiiical)  foriij». 
(«i)  Form  vhuiKj'^''  irilhoiil  de»lru,lion  of  rohtMun.  c..iiiiii.iiil.v  laU.^l  .hwtitity,  lloxibilily.  UuiKbuciiK. 
(h)  Form  ,hHn,j,H  will,  d.,fruiHoH  ofcohnioH,  c.iiiiiiu.uly  lalliMl  ^livugtU  (Uusik,  eumpnissive,  torsioiii.l,  nbiaiiu};). 
cleavabilily.  haitliu'hh. 

v.— Tkchxicai.  i'K<>rKKTiK.->,  i.  ...  priip ubiiiali.iii. 

HiTu  \v..ulil  be  fi.iisiafmr  lb.-  w.mhIs  with  i.f.i.iui'  t..  tb.ir  Utiiiii.  al   us.-,  tbcii  ai-plualioi.  iii  the  art*, 
which  is  invariably  baMnl  upon  a  .  ..mbinati..n  ..f •  .1  ..l.>  o..;,|  „r  iiu-chani.al  jiroiu-rli.-K. 

VI.  —  IJISKASK.S   AXI>    KA11.TS. 

Hero  w.Mihl  b.-  tr.-al«a  tb.-  .haii-.-s  in  Mr.uuu.  .ti.a   piuiH  rli.-^  ri..m  lb.-  normal   I,,  abiionuai  .  ..n.l.t...ns, 

.liu<  to  iiilliU'iiifK  aitiiiu'  >ip'»"  t'"'  l""""'"  "•"'■'"'^'  i''*  ''•"'■  "''  "I"'"  ''"'  'i'"'"'"  <l'ir'"^'  'i-*  O'^"- 

Vn.— IvKLATIOX   OK   rUUl'KKTIKS  TO   KA«II    OTIIKK. 

Il.re  wo.ihl  bo  .lixussr.l  tb.-  .oiiiMrlioii  whi.b  uiav  b.-  .•>tabli>h.a  b.lw.rn  slni.l.ir.'.  pby^^i.-al.  tb.iiilfal, 

ami  in.ohani.al  i.roi..rli.s,  aii.l  also  b.-tw.-.i,   tb.s.- an.l  tb.- .onaiti.Mis  ..f -rowth   umbr  wbi.b  tb.- material 

waH  priMliu-cMl.      riu-  phUosoi-by  "f  ili.-  i-ulir..  pn-iclinj,'  knowlo.l-,'.'  w..ul.l  b.-rc  lu-  br..iif,'\il  t«gcth.-. 

To  .-oiitribiite  toward  this  iiuiioi-taut  Lrancli  <if  limnaii  knowl.'tljrc  an.l  to  liclp  in  the  l.iiil.lin- 

(.f  it.s  foumlation,  tl..-  vv..rk,  nu.U-itak.-n  l.y  tlic  Division  of  Fon-sti-y,  .U-s.-iil.fcl   in  tlii.s  l.nlli-tin. 

w.is  (Ic-^i-nnl  by  till'  \vrit.-i-:  and.  in  oid.-i-  t..  build  with  a  knowl.-d-i-  of  what  has  Ikhmi  d«.ne  before 

on  thi.s  .strn.-tnn-.  a  bii.-f  ivvi.-w  of  th.-  i.io-i-.-s.s  in  tIh-  .k-v.-lopincnl  of  tiinbi-r  i.iiysii-s  s.-fnu'd 

advisabl.-.     In  this  1  liav  fuilnNv.-<l  iai-.-ly  tin-  .-Xfi-lh-nt   iV-snni.-  by  Pr.  W.    V.  Exiier  in  LorcVs 

Uaudbnch  dor  Foi  stwi.s.«;c'uschalt. 

HISTORICAL. 

Thi'  liist  impoftant  and  <-xlianstiv.-  wmk  was  that  of  I'.VKKNT.  pnbli.sh.-«l  in  th.-  M.-nu.iivs  dc 
rA.-adrmi.Ml..s  Sciences  in  the  yeais  17(i7  and  ITdS.  bein-  -invfstijrations  inlc  tho  stn-n-th  of  ..ak 
and  lir."  Tin-  id.-a  of  .-lasth-ily.  so  iin].ortant  in  the  application  of  tindK-rs.  was  not  even  known  to 
"him.  A  work  ineuDiabh-  in  fliis  tiist  p.-riod  of  s,i.-ntili<-  t-lVoits  in  this  direction  was  pr.Klnced  by 
MisciIENHUoKCK  in  ITC.L'  ilnlrodnctio  ad  philosophiaai  natnralenn,  discnssiujr  espm-ially  tlie 
dillerencesof  stren-th  in  (In- dilbTent  parts  of  the  .same  tree.  Althon-h  n.d  a  snllicient  nninber..! 
satisfaetory  experiments  w.-re  cunducfeil  to  prove  his  di'dnctions  fnlly,  they  were  remarkably  clear 
and  intlieinain  correct.  The  celebrated  natnralist.  Biil-cN  (Oenvres.  Vol.  x),  occnpied  himselt-in 
a  ,-omi>r<-hensive  maniH-r  with  a  determination  of  the  mechanical  pr..perties  of  oak  wood.  In  1  ..SO 
appeared  th.-  oftencit.-d  w<.rU  of  DniAMlu.  1  )r  Mm.nckai-,  Traite  de  la  ('..ns.-rvati.m  .t  .le  la 
Foice,  which  .-iHitains  a  nunil>.-r  of  r.-ferenc.-s  to  the  iirop.-rties  of  timb.-r. 

Th.-s.-  thr.-e  anihors  are  almost  the  only  ..nes  who  o.-enpi.-.l  th.-mselv.-s  witli  tin-  determinati.m 
of  .lensily  an.l  stren-th  in  the  ditVereiit  parts  of  th.-  s-.ime  tr.-e  and  of  th.-  inlbi.-n.-.- ..f  s..il  c.mdith.ns 
on  these  ]»roperti.'S.  The  c..ntradictions  in  th.-ir  vi.-ws  and  .l.'.lnctious,  however,  left  these 
importivnt  .pn-sti.ms  nnd.-.i.h'.l.  Only  the  anihois  of  later  pciio.ls  -.ive  any  thoii-ht  to  the  slndy 
of.-la.sti.-ity.  Am.m^'  th.-se  were  (liKVUl)  (Trait-  Analyti-in.-  de  la  K  -sistan.-e  de-;  Soli.les,  1  ^!IS), 
whoexp.Tiin.-nl.-d  ..n  oak  .olnmns.  an.l  I'kkik.nnkt  (Al.'moir.'s  snr  les  pienx  et  h-s  jalotis,  I7S-J). 
The  latter  f.miid  that  a  .•-.nlinn.wK.-v.-n  h.a.l  increases  tli.-  .l.-i.ih  .a"  deilection.  which  h.-  arfrnes 
c.ml.l  lint  b.'  thn  ease  wilh.mt  a  .i.anL:.-  in  .-lasfieily.  by  l...sin-  part  ..f  its  ener-v.  At  th.'  .-nd  ..f 
the  last  an.l  tin-  beiritinin;:  of  tliis  .-entiiry  a  numb.-r  of  reco-xniz.-.l  men  of  s.ien.-.-  ha\.-  .l.-tci  mnie.l 
bv  experiment,  f..r  a  lar-.-  numb.-r  ..f  timb.-rs  of  .lilVerent  kiii.ls  and  lo.ality.  th.-  .leusity,  the 
8treuj,'tli,  a.i.l  th.-  .-o.-ffi.-ient  .d  .-lasticity.  Notable  anion-  these  are  Bklux.k  (Ar.hitectiinr 
hydra-.ili.pio.  ITSJi,  Uon-dklkt  (Art  <l.'  batir).  B\Ui..>\v  (Essay  on  th.-  sti-.-nirtli  oftnnb.-r,  l.-JlT), 
E»iu:i,s,  ami  ruf.ixnn.i)  in  various  works. 

('il\itLK.-<  Dii'iN  pnblish.-d  in  th.^  .bmrnal  .1.-  TEc  de  IN.lytiMjhui.im:.  V..1.  lo.  isi."..  an  exten- 
sive w.»rk  on  theme.-hani.al  pn.pertie.sof  wood  (Exp.-rienee-s  snr  laflexibilitV',  la  force,  et  lela.stifitiS 
des  bois).  II.-  investi;:ate.l  the  nature  of  the  elastic  curve,  the  positi.m  <if  the  neutral  plane  (Jihrc 
i„riin,ihlr),  ami  he  e,.»rrecl.'d  the  formulas  which  expr.-ss  (he  relations  .a'  th.-  size  of  t.-st  pieces  and 
the  api)lied  loads  to  th.>  resulting' delh-.ti.ms.  ,     ■      , 

BbvaN  oceupie.l  himself  especially  with  tin-  .leterminati.ui  of  (he  mo.lulus  .)f  elasticity,  deri\ .  .1 
from  experiini'iir.s  in  torsion.     (IMiilosophi.al  Tran.sa.li.ms,  ISI'M. ) 

S.vvvKT  utili/..-d  t.uH-  vibrali.)ns  of  w-mhIcii  plates  in  or.ler  i..  .l.-terinin.-  lli.- .lillerenw^s  of 
olasticitv  :.n.l  tin-  p..siti..n  ..f  its  axes.     These  plat4-s  were  cut  Inun  a  piwe,  of  beech,  in  various 
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directions.  Ho  supposed  three  axes,  one  parallel  to  tlie  fibers,  the  second  in  the  direction  of  the 
radius,  the  third  taugT^ntial  to  the  annual  ring.  He  found  that  if  the  resistance  against  cross 
bending  in  the  direction  to  the  tangent  is  taken  as  unity,  the  resistance  in  the  direction  of  the 
radius  is  2.25,  that  in  the  direction  of  the  fiber  is  16.  (Memoires  de  I'Academie  des  Sciences,  1830.) 
The  same  question  was  discussed  by  Wheatstone  in  the  Philosophical  Transactions,  in  1833, 
He  says : 

When  a  plate  is  cut  out  so  that  the  fibers  run  parallel  to  one  of  the  side  faces  the  axes  of  the  greatest  and 
smallest  elasticity  are  rectangular  to  each  other  and  parallel  to  the  sides.  If  the  plate  has  the  shape  of  a  rectangle, 
the  sides  of  which  are  inversely  xiroitortional  to  the  squares  of  their  resistance  to  bending,  both  kinds  of  vibrations 
parallel  to  the  sides,  although  these  may  vary  in  length,  become  synchronous,  and  its  consistency  furnishes  a 
resulting  figure  with  lines  parallel  to  the  diagonal. 

Hence,  by  finding  experimentally  the  relative  length  tha,t  these  sides  should  have,  the  relation 
of  the  coefficients  of  elasticity  in  two  directions  perpendicular  to  each  other  may  be  found. 

PoNCELBT,  in  his  Mecaiiique  Industrie!,  1839,  enters  into  a  very  detailed  discussion  on  the  elas- 
ticity of  timbers  and  especially  on  experiments  into  the  resistance  to  torsional  forces.  He  derived 
from  the  experiments  of  Minard,  Desormes,  ami  Ardent  the  conclusion  that  for  the  first  load  the 
elongations  are  proportional  to  the  straining  forces,  and  he  calculates  from  these  elongations  the 
coefficients  of  elasticity. 

According  to  Eaton  Hodgkinson  (Combes,  Exploitation  des  Mines),  a  shortening  by  0.0027  of 
the  original  length  of  a  rectangular  (not  bent)  prism  alters  the  elasticity  considerably. 

Hagen  (Poggendorf's  Annalen,  Vol.  lviii,  p.  125)  has  investigated  the  elasticity  of  several 
kinds  of  timber  by  crossbending  of  sticks,  which  were  cut  in  the  one  case  in  the  direction  of  the 
fiber,  and  in  the  other  case  perioendicnlarly  to  the  same,  and  did  not  find  any  great  difference 
between  the  heart  and  sap  wood ;  but  he  recognized  that  the  coeflfleient  of  elasticity  decreases  con- 
siderably  when  the  wood  contains  much  water. 

In  the  year  1845  two  Italian  physicists,  Paccinotti  and  Peri  (II  Oimento,Vol.  iii),  published 
a  very  precise  and  detailed  investigation  into  the  elasticity  of  timbers,  in  which  the  various 
methods  for  the  determination  of  the  coefiScient  of  elasticity  were  compared  and  their  value 
examined.  They  operated  according  to  the  three  methods  of  tension,  flexion,  and  torsion,  with 
cubic  blocks  of  27  to  36  millimeters  side.  In  the  experiments  with  flexion  they  employed  dif- 
ferent methods  of  fastening  or  support.  They  measured  the  elastic  as  well  as  the  perinanent 
elongations,  the  angles  of  torsion,  the  ordinates  corresponding  to  the  different  points  of  the  stick 
during  its  deflection  with  an  increasing  load.  In  the  second  part  of  their  work,  Paccinotti  and 
Peri  compare  the  numerical  results  of  their  experiments  with  the  figures  which  were  calculated 
by  the  known  forumlas,  and  attempt  to  find  a  relation  between  the  density  and  the  coefficient  of 
elasticity  for  tlie  timbers  exj)erimented  upon. 

They  arrived  at  the  followng  conclusions: 

(1)  The  elasticity  allows  in  the  different  parts  of  the  wood  changes  in  dimension,  which  are  in  proportion  not 
only  to  the  first  load  but  also  to  those  which  come  near  that  load  which  produces  rupture,  jirovided  care  is  taken  to 
diiferentiate  from  the  elastic  changes  those  permanent  ones  which  are  due  to  the  softness  of  the  material  or  to  the 
continuity  of  the  load. 

(2)  The  curves  of  deflection  which  the  sticks  assume  when  fastened  securely  at  one  end  dilfer  under  otherwise 
equal  conditions  from  those  which  the  same  sticks  form  when  both  ends  are  supported;  this  must  be  ascribed  to  the 
reaction  of  the  fiber  in  the  two  opposite  branches  formed  in  the  latter  method  of  support.  Tlie  same  theory,  however, 
may  serve  for  the  purpose  of  deriving  the  two  kinds  of  curves,  jjrovided  that  in  the  integration  of  the  respective  dif- 
ferential equations  care  is  taken  to  properly  determine  the  30ustaut  (the  value  of  which  depends  on  the  degree  of 
the  invariability  of  the  fastening  or  insertion  of  the  sticks  experimented  upon). 

(3)  The  differences  which  appear  in  the  determination  of  the  coeflicient  of  elasticity  disapjicar  almost  entirely, 

E 

if  by  this  expression  is  understood  the  quotient  E|^-_,,  in  which  E  denotes  the  common  term  for  the  coeflicient  of 

Or 

elasticity  and  G  the  sjiecific  gravity. 

(4)  The  coefficient  of  elasticity  E,,  although  there  are  some  differences  in  the  various  species  of  wood,  is  in  gen- 
eral equal  to  2,000  for  the  square  millimeter  of  transverse  cut. 

(5)  The  coefficient  of  elasticity  can  be  determined  not  only  by  tension  but  also  by  flexion  and  torsion,  but  with 
these  different  methods  different  values  are  found,  and  to  reduce  these  to  the  same  value  it  will  be  necessary  in  each 
case  to  determine  a  constant  coefficient  dependent  upon  the  method  of  operation. 

(6)  The  easiest  method  for  the  determination  of  the  coefficient  of  elasticity  is  that  in  which  the  stick  is  sup- 
ported at  both  ends  and  is  loaded  at  equal  distance  from  the  two  points  of  support  (center). 
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Tho  ob;*ervatioiis  of  Paeclnotri  and  IV-ri  aie  as  exact  a^  it  was  posKihlo  t<i  make  them  without 
ilif  :i|>|iliratiiiii  nf  th»'  Iviitln-titiiiftt  T.  Tlu'st*  authors,  however,  also  ue-rh'tteil  to  considi-r  the  part 
ol'  tiie  tree  iVoiii  whiih  tin-  cxjieriiin'iital  iiii-tcs  wcrt'  taken  an«l  the  tle'rree  of  sea  son  in  ;i  at  the  time 
of  experiment.  It  is  known  that  the  ehistieity  is  not  the  same  in  all  jtarts  of  the  tree  and  ehanges 
considerably  with  the  amount  «)f  uutisture,  and  this  is  especially  variable  in  such  small  sticks  as 
the  authors  used:  so  that  the  result  of  these  exjierinients  are  not  entirely  <a]>a1>le  of  ((tiiiiiarisonor 
•generalization. 

Reviewin;;  the  results  of  investifrations  obtained  in  this  liehl  uj*  to  the  middle  of  our  century, 
we  tind  that  ^Mcat  profrre.ss  was  made  in  tiie  methotls  and  the  exactness  of  the  reasoning,  but  the 
results  were  oft«'U  rcmtradiilory  and  uusatisfa<tory.  Keeo^ihiziiij:  this,  two  Fieiieli  scientists,  om* 
a  forester,  the  other  a  technolojiist.  ('iii:vanuikk  and  Wkimukim.  underiiMik  a  far  reaching 
investigation.  The  tindiers  for  experiment  were  taken  fimii  a  locality  of  the  Western  Vosges 
Mountains,  France,  tiie  local  conditions  <.f  which  were  tlitiroughl.v  known  to  the  experimenters. 
In  a  forest  comprising  about  Kt.tHtd  acics  sullicieiilly  numerous  variations  of  site  and  kinds  of 
tinJ)er  were  found.  The  sanu*  exactitude  was  used  in  the  selcctiim.  the  descripticui,  and  the  iirepa- 
ralion  of  the  test  i)ieces  as  in  the  experiments  themselves,  for  which  all  the  necessary  means  of 
satisfactory  quality  were  at  their  tlisposal.  ("licvandier  and  Wertheim  jniblished  their  wtirk,  fhe 
fruit  of  many  years  of  labor,  which  had  been  executed  with  a  degree  of  perlection  n<\er  beftue 
attained,  in  the  year  ISJS.  as  a  monograiih  entitleil  Mcnioires  sur  la  iiroiniet*-  mecani<|uc  du  bois. 

The  following  tjuestions  were  to  be  determined  by  th«'  authors: 

(1)  Whiit  elVett  iloei*  a  ffradiially  iu<Ti:eiiuK  1":»<1  iirinliii*-  iiixui  tiuiliers,  atcoriliuK  to  what  laws  do  the  rcSiiltiDK 
••Laufjfs  of  form  ]>rogrf.s8,  ami  what  iiu-thoils  arc  ap|)li('alili-  ic>  tin-  (l<*t4Tiiuuatiou  of  the  iiiechaiii<-iil  propertuw  of  the 
tiiiiliersf 

(*_')   \)o  the  uieehaiiiral  ]iro]>frtirs  of  the  wooil  vary — 

(a)  with  the  orientation,  i.  < ..  ai-i-onlinn  to  tin-  )>osition  in  the  trci-  in  ri-lation  to  th<*  )iointK  of  the  coiupaas; 

(6)  with  thi- <h.';;rei- 4if  moisture  ; 

(c)  with  the  i>iisition  in  the  tree  in  rehitionto  tlie  (listano-  from  the  axis  to  ili.-  eirenniferemo  at  the  muue 

hcig)U; 
(rf)  with  thf  jiosition  in  tho  tn-e  aecordiiif;  to  thi-  height  iVoni  the  uroniid? 
:;>  In  wluit  relation  do  the  nieihanieal  iiro|i<'rties  of  wood  st^ind  in  thf  dirertion  <if  tin-   lil>er  and  in  the  direr- 
ti"ii  iicrpendienlar  to  tlie  same  rer,piTtivfly  at  varyinjij  hi-ifrlits  frcinlhi-  trrnuml'f 
(1 )  What  iiUluenri-  docs  the  a;;f  of  trei-.s  i-xi-rt  ? 

(."•)  What  inllni'iKi-  do  I  In-  wiilth  of  annual  riujjs  (ratr  of  ■jrowtli ).  tli>-  ex]iosnrf.  and  the  soil  ronditions  Hhowf 
(t!)  What  ndatiouH  f\ist  hi-twi-i-n  thi-  several  nieihanieal  jtroperties  of  the  timbers  to  eai'h  otherf 
(7)  What  averane  values  i-an  ln'  eonsidereil  i)roi>er  to  expreKs  the  ineehauieal  i|ualitie.s  of  timber  and  what  eon- 
rlusions  result  therefrom  for  the  jiraetieef 

Tlu'  results  of  the  experiments  of  these  two  scientists  luioiig  lo  ilial  cla>s  of  ilata  which  we 
employ  even  to-day.  Tlie  aiiihors  first  review  the  liistory  of  tiiese  invcstigalittiis,  whiih  we  have 
here  given,  recording  in  a  tal>lc  tlie  results  of  experiiiieiits  by  their  iiretlecessors.  ainl  in  eigliteeii 
additional  tables  the  results  of  llu-ir  own  work.  Here  for  the  Mirst  tinu"  «<•  tind  a  rather  full 
recoirl  of  the  history  and  nature  of  the  list  material.  Ui-gard  is  taken  of  the  nioisturi-  per  cent 
in  four  stages  of  si-a^oiiing:  fresh,  partly  dried,  well  seasoned,  and  kiliidry.  The>»'  aiillnns  also 
tested  hirger  logs  (up  to  L'li  feet  in  length).  They  also  eiiiployod  the  nu'thod  by  sound  \ilnations 
inijciermiue  the  coellicii-nl  of  elasticity,  and  linally  correlati-tl  their  results  with  a  view  to  answering 
the  above  (|uestioiis. 

Tln-se  two  men,  without  doiibl.  niiisi  lie  considen-d  the  fatiier>  of  the  new  science  oi'  I'imber 
Phvsics,  ami  while  their  conclusions  m:iy  not  be  a4'cepte<i  as  having  settled  all  the  i|Ucstions, 
be<'ause  even  they  lacked  Miaiiy  data  of  rec«>rd,  et«'.,  they  pointed  out  (he  road  along  which  we- 
must  travel,  and  helped  to  level  it.     Yet  it  has  rem:(ined  largely  uutiavcleii  iiiilil  our  lime. 

Twelve  years  :ifler  ('licvandier  iV  Wertheinrs  publication  there  ajiiUMred  in  (iermany  the  most 
conii>rehensive  work  in  this  line  of  investigations,  containing  the  fullest  tliscnssion  of  all  the 
known  and  assiniicd  tai-ts  regarding  wooil,  its  ]n'opcr!ies  and  a|>plicalion,  by  D:.  il.  \'('iui)l-lN(;i:K, 
pri>fe.ssor  of  fiui'stry  and  Oberfiirster  at  lloheiiheim.  Wiirlemlieig.  The  means  f<ir  his  long 
continueil  experiiiH-nls  and  aceiiinulation  ol  data  were  fiirnislicil  b>  the  dijiTction  of  the  Forest 
.\cadeiiiv  at  llohenheim  anil  the  Minister  of  l-'inaiicc  of  his  St^ite.  The  first  fruit  of  his  studies 
ai)|>eaied  in  the  year  ISflo.  in  th<'  standard  wurk  entitled  The  Tc<-hnical  I'mjicrties  of  Timber,  for 
Forest  and  ('i\il  1-nginecrs,  Tciliiiol. .gists,  and  Maniifaeiiners. 
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For  the  meclianical  properties  Norcllinger  largely  relied  upon  tlie  work 'of  Clievandier  & 
Wertlieim,  but  Avith^'great  assiduity  lie  liimself  filled  out  the  deficiencies  "vrhich  existed,  to  make  a 
universal  treatise  on  the  subject  possible.  lie  added  a  description  of  the  anatomical  structure  of 
the  various  timbers,  in  the  expectation  that  many  i)roperties  and  their  variations  might  be  derived 
and  explained  from  the  anatomy.  Besides,  he  treated  upon  grain,  color,  luster,  transparency,  odor, 
capacity  for  heat,  capacity  for  evaporation  and  for  imbibition  of  water  and  vapor,  specific  gravity, 
hardness,  cleavability,  shrinkage,  swelling,  warping,  elasticity,  flexibility  and  toughness,  strength, 
chemical  composition,  fuel  value,  natural  durability,  and  faults  of  timber.  This  comprehensive 
book,  even  to-day,  after  more  than  a  quarter  of  a  century,  must  be  consulted  by  him  who  would 
drink  at  the  fountain  head.  All  the  compilatory  treatises  on  the  technical  qualities  of  timbers 
published  since,  at  least  in  German,  are  based  more  or  less  on  Nordlinger's  work,  none  bringing 
quantitatively  more  new  material. 

Of  these  jiiiblications  the  following,  not  of  encyclopsedic  or  entirely  compilatory  nature,  are 
worthy  of  mention : 

Tables  of  the  Results  of  a  series  of  Experiments  on  British  Colonial  and  other  Woods, 
prepared  by  Francis  Fowke,  Avas  publislied  in  1867  after  a  long  series  of  experiments  on  rather 
crude  principles.     This  enormous  work  has  done  little  service  for  science. 

In  the  same  year  (1867)  a  revised  edition  of  Peter  Barlow's  Strength  of  Materials  (originally 
in  1817)  was  i>ublis]ied  in  London,  which  records  many  older  experiments,  besides  the  author's 
own,  and  is  a  book  full  of  soUd,  highly  interesting,  and  reliable  information. 

Carl  v.  Jenny,  professor  at  the  Imperial  Technological  High  School  at  Vienna,  carried  on  his 
work  upon  a  comprehensive  plan  at  the  expense  of  the  Hungarian  Government.  Only  a  part  of 
the  work  was  published  in  1873.  He  exj)erimeuted  ^^pon  the  elasticity  and  strength  of  comj)ression 
as  opposed  to  pressure,  shearing  strength  parallel  to  the  fiber,  and  the  tensile  elasticity  and  tensile 
strength  of  tension  on  Hungarian  timbers,  the  history  of  which  Avere  knoAvn  as  regards  locality  of 
their  growth,  soil,  site,  and  the  width  of  the  annual  rings. 

A  considerable  number  of  experiments  into  the  mechanical  properties  of  timber  grown  in 
Bohemia  were  made  by  Carl  Mikolaschek  at  the  instance  of  tlie  Forest  Experiment  Station  at 
Vienna.  From  the  many  results  published  in  1879  in  the  Mittheilungen  aus  dem  Forstlichen 
Versuchswesen  Oesterreichs  general  laAvs  were  not  deduced,  but  the  results  present  reliable  data. 

After  this  time  the  periodical  literature  of  the  day  contains  a  great  many  essays  and  more  or 
less  valuable  records  of  experiments. 

As  of  special  influence  upon  the  development  of  this  branch  of  science,  two  studies  of  greater 
extent,  both  apjjeariug  in  the  year  1883,  require  mention.  Methods  and  Eesults  of  the  Examinati(m 
of  SavIss  Building  Timbers,  by  L.  Tetmajer,  professor  at  the  Swiss  Polytechnical  School  at  Zurich, 
and  Investigations  into  the  Elasticity  and  Density  of  Spruce  and  Pine  Building  Timber,  by  J. 
Bauschinger,  professor  of  Technical  Mechanics  and  Graphical  Statics  at  Munich. 

In  the  first- mentioned  Avork  the  author  i^roposes  a  method,  which  deserves  attention,  of 
determining  the  "quality"  of  timber  for  building  jjurposes  by  the  "working  capacity  of 
cross-bending  strength."  There  were  thirty-one  trees  used  for  the  examination,  twenty-two  test 
pieces  being  taken  from  each,  and  a  thorough  description  of  the  locality,  site  (especially  elevation 
above  sea  level),  age,  and  ajipearance  of  the  wood,  was  given. 

Baugchinger,  Avhose  work  is  published  in  Mittheilungen  aus  dem  Meschanisch-technischen  Lab- 
oratorium  der  konigl.  Technischen  Hochschule  in  Miinchen,  Vol.  ix,  and  a  contiruiation  of  it  in 
1887,  Vol.  XVI,  proposed  mainly  to  find  out  the  influence  of  the  site  and  of  the  time  of  felling 
ui^on  the  elasticity  and  strength  of  the  most  important  (European)  conifers.  From  four  different 
sites  respectively,  four  pines  and  spruces  of  the  age  of  90  to  100  years  were  taken,  which  Avere 
grown  under  similar  conditions  of  site,  ijerfectly  healthy  and  without  flaws.  Two  trees  each  on 
every  site  were  cut  in  the  mouth  of  August,  1881,  and  two  in  the  following  winter  (December  and 
January).  The  sticks  were  made  specially  long  (250  cm.  span  =  9  feet,  and  about  20  cm.  square  =  62 
sq.  in.  cross- section)  and  were  tested  for  flexion,  tension,  compression,  shearing.  Besides,  on  one 
stick  of  each  tree,  specially  prepared  for  the  purpose,  an  iuA^estigation  was  made  into  the  relation  of 
the  mechanical  (elasticity  and  strength)  and  t\ie  physical  (density  and  humidity)  properties,  in  order 
to  render  the  results  from  other  experiments  comparable. 
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Haiiscliiii{j»T  ShiikI  that  w  iutti  Irllid  wuuil  oltln-Nf  riimlir>  wav  j.i  jn  r  rem  >iiuii;;(  r  iliiiii  llu- 
.suiniiicr  U'IIimI,  if  lUt-y  an-  Imtli  usnl  iiiiiiii-<lialclv  alUT  li-lliii;;,  l»ul  tlial  tlijs  »litlfH'ii«i'  passes  away 
with  seasiiiiinj;.  IliM-laiiiis  a  tlin'i-i  iiriiiMHtiini  lii-twtHMi  Ntn-iiyfth  aii<l  tU-iisity  (or  wi'ifrlit  <it' tlu'  dry 
til»er),  which  lie  vi-ntuivs  to  ronmihite  thu>- 

Cnishiiijr  stifiijrth  imt  iiiliic  iiuh  =  (•..;.")  1 »  ~  t>.<i.;."i.  w  hen-  J)  (hiiotcstleiisuy  I'l  \\iMni  wiili  !'»  per 
tent  liioistun-,  raliiilati'd  iiiiuii  tju-  dry  woml.  lie  .misidtis  »i  iisliiii;:  tists.  n>iiiL'  t<-^t  ]>ii<c<  •» 
iju"h»*s  hif^h,  as  the  iiutst  satisliu-ton  lor  tiiiihcr. 

Alto;j;fth«'r  tlu-  Work  of  Baiischiiijri'r  ranks  as  uiii-  oi  tin*  best  and  most  t-arclul  rescarrhes  in 
this  dircrtion,  and  lias  to  somh'  I'Xti'Ut  st-rvi'd  as  a  basis  for  thf  work  now  |iropos«'d  on  Anicrii-an 
tiinbtTs.  Further  iUnstrati(ins  of  tin-  n-sults  of  J{aiiseliiiij.M'r*s  work  will  he  found  further  on  in  this 
bulletin. 

Althou;;h  not  undertakiii  tor  the  piii  |Mi>e  of  di-ieiniinin^r  any  relation  of  meehanieal  and  phys- 
ical properties  of  tiudiers,  we  may  here  nnMilion.  on  aceount  of  careful  niethoils.  the  tests  jierformed 
by  David  KiukaiJ)>,  of  l.ondon.  eomnn-nted  upon  in  an  inierestin^'  publiealion  enlilled  Illustra- 
tions of  David  Kirkaldy's  System  of  Meehanieal  'festin;;.  Iiy  Wni.  (1.  Kirkahly.  ISiM. 

It  is  interesting,'  and  trratifyin^' to  nou-  lure  lliai  almost  simultaneously,  but  wiihout  knowknlge 
of  the  fact,  both  the  (lovernments  of  i'russia  ami  of  thel'niled  States  in  the]uesent  jirojiosed  tini- 
l)er  investifrations  eon<'«'ived  the  neeessity  of  more  t  arefiil.  painslakinir.  and  eomitrehensi\ c  work  in 
timber  physies  than  lias  lieeii  alt<'mpte<l  liefore. 

With  the  careful  and  eii.  iinisi.eci  manner  which  eharaetorizes  all  the  Government  work  of 
Prussia,  before  en j:a;:in;r  full\  upon  the  main  work,  a  prelimimiry  in\esti;;ation  into  methods  was 
determined  upon  in  ISSI.  when  a  special  commission  waseharucd  by  the  Ministi-r  for  A;rricnlture, 
rublic  l.amls  and  J'orests  to  determine  upon  a  wdrkiiiiT  jilan. 

The  results  of  this  preliminar}  investijration.  in  w  liidi  iliree  pine  trees  were  nutst  carefully 
investi^iated,  were  i»ublish«'d  in  issti  as  a  report  by  M.  KudelolV.  lirst  assistant  of  the  Koyal  Tecli- 
cal  l-'xperimeiit  Station,  at  Berlin.  Tpoii  the  basis  of  this  investi-ration  a  iilaii  for  the  execution 
of  the  principal  work  has  been  elaborated.  Althou^rh  this  preliminary  work  was  not  kni»wn  to  the 
writer  when  devisin-;  similar  work  for  American  tindters.  it  a]tpears  that  in  the  main  the  working; 
jdans  resemble  each  niher  closely  with  the  one  exception,  namely,  that  the  m-eil  of  practically 
a]ti>licable  results  has  here  been  Uejit  in  the  lbif;;rouiid.  We  have  not  spent  time  to  arrive  at  sat 
isfactory  nu'thods  before  iiroceetliii;,'^  to  the  nniin  work,  but  expect  to  inipro\e  tin-  metlioils  as  the 
work  ]troeeeds,  meanwhile  a<-ciimiilatiii;r  valuable  ami  useful  data. 

In  re;:ard  to  tin-  mecjianical  projiertit-s  which  ailapi  wdod  to  1iuildin<r.  construction,  and  i-utri- 
iHM-rin;.'  purposes  jjeiierally.  there  <'\ists  sim-e  Chevaiidici  ami  Wertheim  a  considerable,  rich,  ami 
varied  mass  of  results  of  exiierimeiitation.  U'<-  liarr.  Iiiurm  r.  Iidrdlt/fiiinitl  nniir  llnni  tlir  vuth 
uilx  iif  inriKtit/iitiun  rnul  <i  fnr  r.niinplrs  In  ilhistrntv  tlimi.  I'd  suiixl)i  sriciitijic  iiii/uini  more  fidltf 
trill  trifiiifi  II  cnuslilriithli  iiiiiniiiil  ol'  iikiiIhI  hikI  iik-iiii'iiuji  i()'<>rt,  irUirh  slnnilil  lir  s!/striiiiiti<alli/  var- 
rud  III!  al'tvr  n  inll  iliiiixinl  phni  ULi  tlml  iimr  liitiiitinrntnl  in  thf  /•'<»/T.\/n/  Itirlsimi.  mul  ii<i(  In- 
drpeniliiil  "»/  ncriilrufiil  oitjxirlinillif. 

The  knowled;,'e  of  othei- ;,M-onps  of  projierties  is  in  some  r«'S]»ects  still  further  removed  iVoin 
the  ;i<»al  that  it  is  desirable  to  leaili.  Ilie  least  has  liern  done  w  it  li  repaid  tot  he  scieiitilic  dexelop- 
inent  of  tochm>lo;:y.  While  ll\iMi(;.at  I  >resden.  has  tan;,'lil  how  to  lest  wood  wcirkiui;  inachim-s 
with  leferem-e  to  their  etlect  i  Vem-ss.  nobody  yet   has  tried  to  determilH'  (piantilalix  el_\  the.  work  in  j: 

(|iialities  of  w 1  in  siich  a  manner  that  t  he  e\pemlitnreof  em'ry:y  lu'cessary  in  their  workinj:  i-onld 

be  ileii-rmim-d  beforehaml;  nobody  has  yet  disen.ssed  tlie  connection  ol   these  de;;rees  ot    (pialily 
with  the  I haiiieal  and  physical  lu-operlies  and  with  the  strm-ture  and  cln-ndstry  of  wood. 

Caui,  K.\i:m  m.'sii.  the  ci'lebrated  leehnoIo;,Mst.  who  raised  des«Miplive  t^'chmdoyy  t<i  the  tank 
of  a  S4ience,  laid  the  foundation  for  the  discussion  ol  all  lechniial  piopcrti«-s  which  stand  in  tela 
lion  to  the  workin;;aml  use  of  wood  in  Ihe  industries  in  his  eelebratcil  stamlard  W(uk,  liaudbiich 
iler  mcMhaiiischeii  Technolo^jie  illamlbiM)k  id"  Mechaincal  Teehmilojiy ).  Isl  ('d..  1S.J7:  ."ith  ed., 
IS?.*.;  last  edition.  enlar;:i-d  b.\  H.  Tisher  in  ls.s,s.  In  this  work  elasticity  and  even  si ren;rth  aic 
considered  of  less  moment  than  i|i-nsity,  hardness,  cleavability.  «'hanf:e  of  volume,  \\hich  are  <if  so 
much  account  in  sha|)in;.' and  in  keepinj;  in  shape  wood  structures.  Tin-  main  merit  <if  his  work 
lies  in  llu' coinprohen.sive  rcpreseiilalion  of  all   Ihe  reliable  old  and  new  data  ami  in  brinjiinj;  to- 
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gether  tbe  experiences  which  had  accuinuhitediu  tlie  mechanical,  physical,  and  chemical  treatment 
of  woods  and  in  regai*Tl  to  their  properties.  His  followers,  Egbeet  Hoyer,  (Lehrbuch  der  vergleich- 
enden  mechanischen  Technologic,  1878),  Franz  Stubchen-Kircitner  (Karmai'sch-Heerens  tech- 
nisches  Woerterbuch),  third  edition,  188(3,  and  Prof.  A.  Ledebur  (Die  Verarbeituug  des  Holzes  auf 
mechanischem  Wege,  1881),  conld  nse  already  the  work  of  the  foresters  and  botanists,  Nordlinger, 
Dr.  Julius  Wiesner,  Dr.  R.  Hartig,  Theodor  Hartig,  etc.  A  good  compilatory  work  on  the  prop- 
erties of  wood,  much  used  and  cited  in  technical  circles,  is  Rudolph  Gottgetreu'.s  Physische  und 
chemische  Beschaffenheit  der  Baumaterialien  (Physical  and  Chemical  Qualities  of  Building  Mate- 
rials), third  edition,  Berlin,  1880. 

An  entirely  modern  idea  of  the  part  which  the  properties  of  wood  play  in  technological  regard 
is  presented  by  Ledebur,  who  separates  them  into  "  working  properties"  (Arbeitseigenschaften)  and 
"technological  properties "  (Gewerbseigenschaften). 

In  addition  to  these  authors  who  developed  timber  physics  in  the  mechanical  direction,  a  num- 
ber of  botanists  must  be  mentioned  who  made  a  si^ecialty  of  the  study  of  wood  in  its  anatomy, 
physiology,  and  histology,  with  the  use  of  the  microscope. 

Dr.  Julius  Wiesner,  of  Vienna,  gave  a  new^  form  to  this  branch  of  investigations  and  placed 
it  on  a  scientific  basis.  His  main  works  in  this  field  are,  Einleitung  in  die  technische  Microscopic 
(Introduction  into  Technical  Microscopy),  Vienna,  1867,  and  Die  Rohstoffe  des  Pflanzenreichs 
(The  raw  materials  of  the  Vegetable  Kingdom),  Leipzig,  1873.  In  the  latter  work  for  the  first  time 
in  an  extensive  manner  Avere  given  the  characteristics  for  the  discrimination  of  the  different  kinds 
of  wood,  their  physical  ijroperties  and  their,  use,  and  many  current  misconceptions  were  shown  up 
and  permanently  removed. 

Dr.  J.  Moellbr,  distinguished  by  his  excellent  "Contributions  to  the  Comparative  Anatomy 
of  Wood,"  and  by  other  studies,  published  in  1883  his  very  valuable  monograph.  Die  Rohstoft'e  des 
Tischler-und  Drechsler-Gewerbes,  I  Theil,  das  Holz  (Raw  Materials  of  the  Carpenters'  and  Turners' 
Industry,  part  I,  Wood),  in  which  were  discussed  in  an  apt  manner  botanical  as  Avell  as  technical 
points. 

The  following  botanists  also  furnished  various  contributions :  Boehm,  R.  and  Th.  Hartig,  Hoenel, 
Reinke,  Rossmann,  Linger,  Sanio,  Schacht,  Weiss,  Willkomm,  and  many  others. 

Nordlinger,  too,  enriched  the  literature,  after  the  appearance  of  his  main  work,  with  special 
studies,  e.  g.,  Der  Holzring  als  Grundlage  des  Baumkorpers  (The  Annual  Ring  as  basis  of  the  body 
of  the  tree),  Stuttgart,  1872.  R.  Hartig  investigated  green  and  dry  weight,  etc.,  the  water  con- 
tents and  the  shrinkage  of  pine  timber  (Berlin,  1874),  and  published  in  1885  the  excellent  mono- 
graph Das  Holz  der  deutschen  Coniferen  (The  AVood  of  the  German  Conifers).  J.  Sachs  pub- 
lished his  investigation  into  the  Porositat  des  Holzes  (Porosity  of  Wood),  Wiirzburg,  1877,  etc. 

In  an  appendix  will  be  found  in  addition  a  list  of  works  which  serve  the  needs  of  the  i)ractice 
immediately  and  the  popularization  of  the  science,  containing  many  valuable  data,  besides  refer- 
ences to  articles  bearing  on  the  science  of  timber  physics. 

By  far  the  greater  part  of  the  work  has  been  done  by  German  investigators,  although  valuable 
sporadic  additions  have  been  made  by  French,  English,  and  American  workers. 

Of  English  publications  which  treat  broadly  on  the  subject  in  connection  with  other  matters 
Professor  Rankine's  Manuals  of  Civil  Engineering,  of  Applied  Mechanics,  and  of  Machinery  and 
Millwork-and  Tredgold's  Carpentry  are  perhaps  best  known. 

One  of  the  newest  and  best  publications  on  the  general  subject  of  testing  is  that  of  W.  C. 
ITnwin,  The  Testing  of  Materials  of  Construction,  London,  1888,  whicli  besides  a  general  discus- 
sion on  the  properties  of  material  and  of  methods  and  machinery  for  testing,  devotes  fourteen 
pages  to  timber  esijecially,  in  which  Bausehinger's  and  Professor  Lanza's  experiments  are  discussed 
at  length. 

In  addition  there  may  be  mentioned,  besides  the  references  made  in  the  foregoing  historical 
account,  Thos.  Laslett's  Timber  and  Timber  Trees,  London,  1875.  Tests  on  large  beams  Avere 
made  by  Lyster,  engineer  in  chief  of  Mersey  Docks  and  Harbor  Board,  recorded  in  Engineering, 
London,  volume  19,  1875,  and  by  McClure,  Clark,  and  Graham;  references  to  these  are  found 
in  Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering. 
17244~No.  G- 4 
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AMERICAN     WORK 

While  it  iiiavb.-  iKKSsibk-  to  woik  uiit  tlie  general  laws  of  ielati..u  between  pliysieal  aud 
lueebanieal  piopi-itifs  o..  luat^'iial  of  Kuroi»-="'  «>»'fc''''-  <«"•  l'>-.>«tieal  ],m]u>sv>^  we  lan  u.M  nlv  upon 
anvotl.frih.tatlKiutl.oseas.-..rtaim-.l  In.,.,  Ai„.-,i.ai,  U.mIk-.s,  ai,.l  so  la,  as  .l.M'.iuU'me  oi  quab 
itv'on  ronclitions  of  j,Mowth  a.e  .unc.MU.a  this  „„ll.  is  jux  a>  i.aK„t.  Aill.o,,^).  in  tlu.  I  uite.1 
Stat.-s  luol.ably  more  timber  has  been  and  is  beinj;  used  than  in  any  other  rountry.  but  httie  work 
has  been  done  iu  the  domain  of  timber  physies. 

Vmonj,' the  eailiest  Amei'ican  experiments  lallin-  n.  Ha-  domain  of  timber  physu-s.  may  be 
.iled  tho^eofM\u<isBrKUt<.  determine  -the  e.m.parative  .pianlities  of  i,eat  evolved  in  the 
eoud.ustion  of  the  prineipal  varieties  of  wond  and  ...al  nse.l  iu  the  Tnited  States  lor  fuel,"  made  ... 
the  vears  IS-.t  to  ISlT,  a..d  published  in  isi'.;.  Il.>v  the  .  xpe,i,.,e„ts  of  Lavo.s.e.-.  C.awlo.d  a..d 
Daltu.,,  a..d  Count  Kumford  on  si.nilar  lines  a.v  dise,.ssed  an.l  follow.-.l  by  a.,  able  senes  of  expei-- 
i,i,ents  and  disnissio,,  on  Ai,ieriean  woods  and  eoals. 

The  .mh  ......prehensive  wo.k  in  timber  physies  ever  ,...dertaken  ..„  Aiu.-neai.  t.mbe.s  .s  that 

ul  M,  r  ['  SliVlU'LKS.  in  .•onneelion  wiih  the  Tenth  Ce.,sus,  ami  publ.she.l  in  IsM.  vol.  I\ 
nn  the  Forests  of  North  A.neiiea.  Co.npiehensiveness.  l,..wev.-r.  has  been  sou-1,1  rather  in 
trvin-  t..  brin^'  under  exa.uinati...,  all  the  aboreseent  spe.^ies  than  in  fnrnish,..;;  1..1  er  .lata  .d  p.ae 
ti.'airipplicabilitv  on  th..se  f.on.  whieh  the  bulk  of  our  useful  material  is  der.ved.  -Ihe  .esults 
ol.tain'-d."  the  author  says, -are  hi.d.ly  su.^^^estive;  they  must  not  however,  be  eoiis.dered  eon- 
elusive,  b.it  rather  valuable  as  indieatin- what  lines  of  res.-anh  should  be  followed  „.  a  mo,e 
thorou'di  studvof  this  sultjeet."  ^.  , 

Not  less  tiian  llli  speeies  were  examined  i.,  over   l....n  .pe.nuens.     The  results   are  jr.ven   n, 
live  tables,  besides  foui-  eomparative  tablesof  ran^re.  relative  values,  avera^^es  ete.     1  he  spee.n.ens 
.ve.e  taken  Hn  most  eas.-s  from  the  butt-.-ut  and  l.-ee  from  sap  an.l  k..ots:     the  loeal.t>  and  >o, 
fio...  whieh  the  tree  eame  a.e  ;riven  in  most  eases,  ami  in  sonn-  its  diameter  and  layers  ol  hear.  a..d 
sapwo..d;  deter.ninatio.,s  were  n.ade  of  specif..-  ^^ravity.  ...i..e,al  ash  per  ee..t,  ami  l.o...  these  data 

fuel  values  were  tabulated.  . 

The  spee.mens  teste.l  were  -.-arefully  seas.med."     For  lransve.se  st.a.n   they  w.-.e   n.ade    1 
ee..tinH'te.s  (1..-.T  inches)  s.iua.e.  and  a  few  of  double  these  ,lin,ensi.M,s.  with  1  ...eter  (o.L'S  leet ,  si.an 

One  t-xble  illustn.les  -the  relation  betwe,-,,  ,l,e  si-e.-ilie  ;,,avity  a.,d  the  trausvei'se  streufTth  ot 
U.,  svood  of  speeies.  upon  whieh  a  sullieieM.  ..umber  of  ,es,s  has  bee,,  n.a.le  to  re..der  sm-h  :,  .on. 
paris.u.   valuable."      This   tabh-  s,..„,s  ...  show  ,hal    in    perfeet    spe.-i.,..-..s  we.;rht   a.,.l  sl,-.n^^ll. 
stan.l  i..  close  relati.u..     A  few  fa.,ni.„  .lete,,.,i.,a.io.,s  o„  the  bark  ..fa  few  spe.-,es  a.e  al.s..  ;;.ve.,. 
■         The  objeet  of  the  w...k  as  stal.-.i.  ,.a..,.-ly.  U>  be  su-estive  ..f  a    ......e   thoron^h   stn.ly  ..!   the 

s.dMCt    has  c.-rlai.,lv  been  fully  and  .•.v.lital.ly  attai..e.l.     ( )t  .o.npilato.y  w.uks.  h.r  use  ...  prac- 
tiee  and  f.u-  refe.ene.-.  ih.-  Iblh.wintr.  publish.-l  i„  ,)..•  TniL-.l  States,  may  be  cited: 

nKV,.LSON  W.M,„:  l!esistam-e  of  Materials    ,  IsTl).  ...ntainin-    rath.-r  s.an.y  reterem.s  ,o 

the  work  of  ('hevaudier  ai,d  W.rtheii,,. 

KG    Ilvn-..-.l.-  Tl,.-.rv..fT.a„sv.-.seStrai..(ls77).whi.h.besidesotherrHe,vnees..-..nta.n.s 

.dsotwen'tyth.ee  tables  ..I   il.e  a„tl,...-s  ..w.,   t.-sts  ..n  white  pine,  Geor^da  , .in..  I.eml...k.  spruce, 
Nvhil.a.sh.an.l  blaek  lo.-ust.  ....  .sti.-ks  1  by  I  in.h  by  l.d  f..t  ...  l.'...irth. 

W.L.VM  11    I'.ruu:  TheElasti.itva..d   |;esi.s.anee..f  Mate,  ials  of  h.-^Mneennn.  third  ed.t.on, 
l.v.M..  a  .om'iu-eh.'M^ive  Work.  i..  whi.h  .na..y  .-..fe.e.H-es  are  made  to  the  work  ..f  vari.ms  American 

experimenters.  ,•    ,    m    .,... ,.;,,.    iss".    l  .vs  esi.eeiai  -i,.-ss  ....  i  li.-  l.t.t  tlial  t.-sts  on 

GAKTANO   liANZA.   Ml    Applle.l    Me<hani.>.  l>^o.    Ia\>  .  sp«  .  i.i,      u 

small  seh-t  pi.-ees  ^ivc  too  hiub  values,  an.l  .p.otes  the  followint:  exp.-.  ...,e.,ts  ....    .m^-  pu-.-.-s.     He 
;.:,..  the'work  'f  <-ap..  T.  ...  K....M.VN.  V.  S.  Army,  publishe.l  in  Ord.mnee  Manual,  wo  us. 

M-st  ..i.ees  "l  bv  :>■■{  i.Hl.os  an.l  :.  t. .  (  h.n;ith  witli.mt  ffivin^'  any  reterence  to  density  or  ..  hei  fa.  ts 
n  eer  li..:^  the  w.,<  1 :  ami  to  fol.  I.aidley's  I'.S.  Navy  tests  (Kx.  Uur.  V2,  Forty  seventh  (  on^-ess 
T--io„.  ,^s,  K  who  eonducted  a  seri.-s  of  expcimcts  on  Vacilic  slop.-  t....be.s.  '•  wh.to  an. 

yeil,.w  pn..-."  1-J  feet  hm;:  a.-l   1  t..  .-.  by  1 1  to  IJ   i..ehes  square,  pvin^   also  acx.m..l  -.1   .l.us.ty  a,..l 

averai,'.-  wi.llh  .»f  ring's. 
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Lastly,  tlie  author's  own  experiments,  made  at  the  Watertown  Arsenal  for  the  Boston  Manu- 
facturers' Mutual  rfre  Insurance  Company,  on  the  columnar  strength  of  "yellow  pine"  and  white 
oak,  12  feet  long  and  6  to  10  inches  thick,  are  brought  in  support  of  the  claim  that  such  tests  show 
less  than  half  the  unit  strength  of  those  on  small  pieces ;  data  as  to  density,  moisture,  or  life  his- 
tory of  the  specimens  are  everywhere  lacking. 

R.  H.  Thurston,  Materials  of  Engineering,  1882,  contains,  perhaps,  more  than  any  other 
American  work  on  the  subject,  devoting,  in  Chapters  ii  and  iii,  117  j)ages  to  timber  and  its 
,  strength,  and  in  the  chapter  on  Fuel  several  i)ages  to  wood  and  charcoal  and  the  products  of 
distillation.  It  also  gives  a  description  of  some  twenty-five  kinds  of  American  and  of  a  few 
foreign  timber  trees,  with  a  description  of  the  structure  and  their  wood  in  general ;  directions  for 
felling  and  seasoning;  discusses  briefly  shrinkage,  characteristics  of  good  timber,  the  influence  of 
soil  and  climate  on  trees  and  their  wood,  and  of  the  various  forms  of  decay  of  timber,  methods  of 
preservation  and  adaptation  of  various  woods  for  various  uses,  much  in  the  same  manner  as  Ran- 
kin e's  Manual  of  Civil  Engineering,  from  which  many  conclusions  are  adopted.  The  autlior  refers, 
besides  foreign  authorities,  to  the  following  American  investigations : 

G.  H.  Corliss  (unpublished?)  is  quoted  as  claiming  that  proper  seasoning  of  hickory  wood 
increases  its  strength  by  15  per  cent. 

R.  G.  Hatfield  is  credited  with  some  of  the  best  experiments  on  shearing  strength,  published 
in  the  American  House  Carpenter. 

Prof  Gr.  Lanza's  experiments  are  largely  reproduced,  also  Trautwine's  on  shearing,  and  some 
of  the  author's  own  work  on  California  Spruce,  Oregon  Pine,  and  others,  especially  in  torsion, 
with  a  specially  constructed  machine,  an  interesting  plate  of  strain  diagrams  accompanying  the 
discussion. 

In  connection  with  the  discussion  on  the  influence  of  prolonged  stress  by  the  author,  there  is 
quoted  as  one  of  the  older  investigators  Herman  Haupt,  whose  results  on  yellow  pine  were  pub- 
lished in  1871  (Bridge  Construction). 

Experiments  at  the  Stevens  Institute  of  Technology  are  related,  with  the  imi^ortant  conclusion 
that  a  load  of  60  per  cent  of  the  ultimate  strength  will  break  a  stick  if  left  loaded  (one  small  test 
piece  having  been  left  loaded  fifteen  months  with  this  result). 

In  addition  the  following  list  of  references  to  American  work  in  timber  physics  is  here  inserted, 
with  a  regret  that  it  has  not  been  jiossible  to  include  all  the  stray  notes  whicli  may  be  in  existence 
but  Avere  not  accessible.  Those  able  to  add  further  notes  are  invited  to  aid  in  making  this  refer- 
ence list  comijlete. 

ALbott,  Artliur  V.     Testing  machines,  their  history,  construction,  and  use.     With  illustrations  of  machines,  includ- 
ing that  at  Waterto-wn  Arsenal.     Van  Nostrand's  Magazine,  vol.  30,  1883,  pp.  204,  325,  382,  477. 
Day,  Frank  M.,  University  of  Pennsylvania.     The  microscoijic  examination  of  timber  with  regard  to  its  strength. 

Read  before  American  Philosophical  Society,  1883. 
Estrada,  E.  D.     Experiments  on  the  strength  and  other  proijerties  of  Cuban  woods.     Investigations  carried  on  in 

the  laboratory  of  the  Stevens  Institute.    Van  Nostrand's  Magazine,  vol.  29,  1883,  pp.  417,  441.        — 

Flint, .    Report  of  tests  of  Nicaragua  woods.     Journal  of  Franklin  Institute,  October,  1887,  pp.  289-315. 

Goodale,  Prof.  George  L.,  Harvard  University.     Physiological  Botany,  1885,  chapters  1,  2,  3,  5,  8,  11,  and  12. 
Ihlseng,  Magnus  C,  Ph.  D.     On  the  modulus  of  elasticity  in  some  American  woods,  determined  by  vibration.     Van 

Nostrand's  Magazine,  19,  1878. 
.     On  a  mode  of  measuring  the  velocity  of  sounds  in  woods.     Read  before  the  National  Academy  of  Science, 

1877;  ijublished  in  American  Journal  of  Science  and  Arts,  vol.  17, 1879. 
Johnson,  Thomas  H.     On  the  strength  of  columns.     Pajier  read  at  annual  convention  of  American  Society  of  Civil 

Engineers,  1885.     Transactions  of  the  Society,  vol.  15. 
Kidder,  F.  E.  Experiments  at  Maine  State  College  on  transverse  strength  of  southern  and  white  jjine.    Van  Nostrand's 

Magazine,  vol.  22, 1879.  ..        ■ 

.     ExperimentiS  with  yellow  and  white  pine.     Van  Nostrand's  Magazine,  vol.  23, 1880. 

.     Experiments  on  the  strength  and  stiifness  of  small  spruce  beams.     Van  Nostrand's  Magazine,  vol.  24, 1880. 

.     Influence  of  time  on  bending  strength  and  elasticity.     Journal  of  Franklin  Institute,  1882.     Proceedings 

Institute  of  Civil  Engineering,  vol.  71. 
Lanza,  Gaetano,  professor  Massachusetts  Institute  of  Technology.     Address  before  American  Society  of  Mechanical 

Engineers,  describing  the  50,000-pound  testing  machine  at  Watertown  Arsenal  and  tests  of  strength  of  large 

spruce  beams.    Journal  of  Franklin  Institute,  1883. 
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.     liiMuirt  t<>  Htwtiin  Mamii^i'iuri-r^'  \IiituaI  Kii<'  lii-niaiu  <•  i  iiiii|i:iii_v  ni  t<-»t-  iiiu<i<'  with  \Val«'rtown  marhinA 
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CONCLUSION. 

Wliili-  it    may  Mpi'iMr   finin   iliis  hrit-r  review   nl'    iiivc.sti{jiiti<>ns   ami    iml)li(':itiitii,>^  llial    our 

kiinwii-d;."'  "I"  tiiiili'-i-  pliysir.-*  is  not  <|uil«'  l>:irnMi.  Vrl  wi-  an I.v  at    flu-  niitNlaii  of  «-\a<(  iiivi-sti 

tratioii,  ami  c.^iH-.ially  for  our  .Vim-riian  limhi-r.s  .•Vfii  tin-  (iisl  praetirally  applLahlr  rt-lialtlc  data 
an- larkiii;:.  not  lo  .-^iH-aU  of  laws  of  inlrrn-latioii  Im-Iwccii  physical  ami  im-<liaiii<al  proiu-rlirs  <tr 
(■oii<litioiis''ol  -rrowlli.  W.-  lin.l  lli.n  \uu-  alto^r.-ilu-r  a  witlc  lii-l<l  lor  .sciriitilic  iii\  r.siijr;,t  j,„i, 
l)roiuisiiig  ivsiilts  of  lii>,'li«'sl  pia«tiial  \aliu. 


ORGANIZATION  AND  METHODS  OF  THE  TIMBER  EXAMINATIONS  IN  THE  DIVISION 

OF  FORESTRY. 


The  timber  examinations  recently  begun  under  the  direction  of  tlie  Division  of  Forestry  liave 
for  their  object  to  determine  more  precisely  than  has  ever  been  done  the  mechanical,  i^hysical,  and 
chemical  properties  of  the  most  important  American  timbers  and  the  relation  of  these  properties 
to  each  other.  Besides  more  reliable  data  regarding  the  properties  of  our  i:)rincipal  timbers,  there 
is  to  be  gained  from  this  investigation  a  means  of  determining  quality  by  the  examination  of 
physical  appearance  and  structure,  and  of  establishing  an  interrelation  between  quality  and 
conditions  of  growth. 

To  define  the  objects  of  the  work  more  in  detail,  some  of  the  qiiestions  which  it  is  exx^ected 
ultimately  to  solve  may  be  formulated  as  follows:  What  are  the  essential  working  properties  of 
our  various  woods  and  by  what  circumstances  are  they  influenced!  How  does  age,  rapidity  of 
growth,  time  of  felling,  and  after-treatment  change  quality  in  different  timbers  ?  In  what  relation 
does  striicture  stand  to  quality?  How  far  is  Aveight  a  criterion  of  strength?  What  macroscopic 
or  microscoj)ic  aids  can  be  devised  for  determining  quality  from  physical  examination?  What 
difference  is  there  in  wood  of  different  parts  of  the  tree?  How  far  do  climatic  and  soil  conditions 
influence  quality?     In  what  respect  does  tapping  for  turpentine  affect  quality  of  pine  timber? 

There  are  four  departments  necessary  to  carry  on  the  work  as  at  present  organized,  namely: 

(1)  The  collecting  department. 

(2)  The  department  of  mechanical  tests. 

(3)  The  department  of  physical  and  microscopic  examination  of  the  test  material. 

(4)  The  department  of  compilation  and  final  discussion  of  results. 

The  region  of  botanical  distribution  of  any  one  species  that  is  to  be  investigated  is  divided 
into  as  many  stations  as  there  seem  to  be  widely  different  cliinatic  or  geological  differences  in  its 
habitat.  In  each  station  are  selected  as  many  sites  as  there  seem  widely  different  soils,  elevations, 
exposures,  or  other  striking  conditions  occupied  by  the  species.  An  expert  collector  describes 
carefully  the  conditions  of  station  and  site,  under  instructions  and  on  blanks  appended  to  this 
report.  From  each  site  five  mature  trees  of  any  one  species  are  chosen,  four  of  which  are  average 
representatives  of  the  general  growth,  the  fifth,  or  "check"  tree,  the  best  developed  that  can  be 
found.  The  trees  are  felled  and  cut  into  logs  of  merchantable  size,  and  from  the  butt-end  of  each 
log  a  disk  6  inches  in  height  is  sawed.  Logs  and  disks  are  marked  with  numbers  to  indicate 
number  of  tree  and  number  of  log  or  disk,  and  their  north  and  south  sides  are  marked ;  their  height 
in  the  tree  from  the  ground  is  noted  in  the  record.  The  disks  are  also  Aveighed  immediately,  then 
wrapped  in  oiled  paper  and  packing  pai)er,  and  sent  by  mail  or  express  to  the  laboratory,  to  serve 
the  purpose  of  physical  and  structural  examination.  Some  disks  of  the  limbwood  and  of  younger 
trees  are  also  collected  for  other  physical  and  physiological  investigations,  and  to  serve  with  the 
disks  of  the  older  trees  in  studying  the  rate  of  growth  and  other  problems.  The  arduous  work  of 
collecting  has  been  done  hitherto  chiefly  by  Dr.  Charles  Mohr,  of  Mobile,  Ala.,  and  has  been  con- 
fined so  far  mainly  to  the  collection  of  pines  and  oaks  from  Alabama,  of  which  during  the  year  one 
hundred  and  forty-nine  trees  were  collected,  In  addition,  twenty-two  trees  of  white  pine  from 
Wisconsin  were  collected. 
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Tl»-  logs  art'  shipp.-.l  i..  the  test  laboiatojyat  St.  Louis,  in  tliaip*  of  Pnjf.  J.  l{..Iolius»iii.  and  are 
there  .s;i\v«hI  ami  luepareil  for  testiiitr.  earefully  uiarke<l.  aiitl  ie.ste«l  fur  streiifMh.  as  deseribwl  fur- 
tlier  uu.     Cp  to  tlie  time  «>f  uritiu;;  s«ime  t\veiity-si.\  humlntl  tests  liave  been  made. 

The  faet  that  tests  on  huge  piwes  {,Mve  diflereut  values  from  th(»se  obtained  fi-om  small  juet'es 
beinj;  fully  established,  a  number  of  large  stieks  of  each  si»e<ies  and  site  will  be  tested  lull  lentrth  iu 
order  to  establish  a  ratio  iR'tween  the  values  obtained  from  the  diflereiit  si/es.  Part  of  t  lie  material 
is  tested  green,  another  part  when  seasoned  by  \arious  methods.  Finally,  tests  wbieh  are  to 
determini-  other  working  t|Ualities  ..f  the  various  tind)ers.  sueh  as  adajit  them  to  various  uses,  are 
contenqdate*!. 

1  eonsider  ii  iii_\  iiiii\  i.>  ^laie  lierc  that  through  the  energy  and  il(\i<te<l  iiit<itsl  of  J'lofessor 
Johnson  alone  has  it  been  jMissibh-  to  carry  this  work  into  execution,  since  he  itrovide»l  by  ]KMsonal 
and  private  eudeavor  the  entire  outlit  of  the  test  lalioratory.  an«l  with  mueh  tinancial  risk  organi/e<l 
the  testing  work. 

The  tlisks  cut  frnin  eacii  log  and  correspondingly  marked  are  examim-il  at  the  botanical  lalioni- 
tory  of  the  University  of  .Midiigan,  at  Ann  Arlior.  by  .Mr.  Filibert  lioth.  wljo  liasprepaivd  himself 
fiu-  this  work,  re«iuiring  great  care  and  painstaking,  by  several  years' prei»aratoiy  studies.  An 
etulle-ss  amount  of  weighings,  measurings.  countings,  computings,  mieroseoiii«- examinatitms,  and 
tlrawings  is  re<juireil  here,  and  recording  of  tlie  observed  faits  in  sueh  a  manner  that  they  eau  be 
handled,  ("hemical  investigations  haxcalsn  been  begun  in  tlie  Division  <tf  Chemistry  of  the  Depart- 
ment of  Agriculture,  the  taunie  contents  of  tin-  wooils.  their  distribution  through  tin-  tree  and  their 
relation  to  the  conditions  of  growth  forming  the  lirst  series  of  thes*-  investigations. 

It  is  evident  tliat  in  tliese  investigations,  cariied  on  by  comi»etent  observers.  besid«-s  the  main 
object  of  the  work,  much  new  and  \aluablc  knowIedg«'  unsought  for  must  come  to  light  if  the 
inve.stigati«u»s  are  carried  on  systt-matically  and  in  the  comprehensive  jdan  laid  out.  Since  everv 
stiek  and  every  disk  is  niarkeil  in  such  a  manner  that  its  absolute  iKisition  in  the  tree  ami  almost 
the  absolute  position  of  the  tree  itself  or  at  least  itsgeiuMal  condition  ami  surroundings  are  known 
and  recordetl.  this  collection  will  be  one  of  the  most  valuable  working  cullectioiis  ever  made,  allow- 
ing later  investigat«us  to  verify  or  extend  the  studies. 

Although  the  work  as  nnw  organi/eil  has  been  larried  on  for  hardly  a  yi-ar,  the  nundier  of 
definite  prolilems  which  present  themselvi's  and  ar«'  destined  to  be  solved  by  it  is  i|uit«>  astonish- 
ing. Hcsides  tlu'  gi-m-ral  examining  and  testing  sjicciesby  si>eci»'s,  tln-re  become,  therefor*',  ne4-es- 
sjiry  special  series  of  investigations.  For  instance,  the  inlluencc  of  seasoning  on  the  strength  of 
tindier  will  form  su<h  a  special  series  luesently  to  be  undirtaken.  The  inlluencc  on  the  ijuality 
of  the  wooil  of  tapjiing  the  S«iuthern  loiigleaf  jiine  fiu"  turpeiitim*  is  a  series  on  which  w«-  are  now 
engaged,  and  a  brief  n-sumi'  of  the  most  imi»ortant  residts  of  which  has  been  pultlished. 

The  inlluencc  of  tin-  length  of  service  npnn  const  ructinn  members  will  form  another  scries  as 
material  ean  be  obtaineil.     Altogether  there  is  ojiened    up  an  almost  eiiTlh-ss  lield  <if  us«'ful  work, 

the  riehest  mil f  unexplored  knuwledg*-,  the  importanee  of  which  can   hardly  be  overc>stimatod. 

for  al^er  all,  though  we  in  the  I'nited  States  art'  shiw  to  realize  it,  wood  is  our  most  important  ma- 
t«'rial  of  const  met  ion,  and  iiuTcased  know  leilgc  regarding  it  inu^'  I'Vi .  i  ,lli . ,  r  iv  .,■  !T,.iit,.,.tly.  everv 
eoneeivable  interest. 

IJy  ami  by  it  is  exp<>eted  that  tlie  number  of  tests  iie4-essary  nuiy  be  reduc«*d  eoiisideralily, 
when  lor  each  s|M'cics  the  relation  of  the  <lit1eient  exhibitions  of  strength  can  be  suflii-iently  estab- 
lished, and  perhaj'^  <  I'-^t  I'-r  compression  alom-  furnish  sullicient  data  to  eom]iule  the  strength  in 
other  directions. 
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"V^ORK  AT  THE  TEST  LABORATORY  AT  ST.  LOUIS,  MO. 

(Written  by  Prof.  J.  B.  Johnson.) 
SAWING,   STORING,   AND   SEASONING. 

On  arrival  of  the  logs  in  St.  Loni.s  they  are  sent  to  a  sawmill  and  cut  into  sticks,  as  shown  in 

Figs.  1  to  4. 

In  all  cases  the  arrangements  shown  in  Figs.  1  and  2  are  used,  except  when  a  detailed  study  of 
the  timber  in  aU  parts  of  the  cross-section  of  the  log  is  intended.  A  few  of  the  most  perfect  logs 
of  each  species  are  cut  up  into  small  sticks,  as  shown  in  Figs.  3  and  4.  The  logs  tested  for  deter- 
mining the  effects  of  extracting  the  turpentine  from  the  Southern  picch  pines  were  all  cut  into  small 

sticks. 

In  all  cases  a  "  small  stick"  is  nominally  4  inches  square,  hut  when  dressed  (U)wn  for  testing 
maybe  as  small  as  3 J  inches  square.  The  "large  sticks"  vary  from  (J  by  113  to  8  by  IG  inches  in 
cross-section. 

All  logs  vary  from  12  to  18  feet  in  length.  They  all  have  a  north  and  south  diametral  line, 
together  with  the  number  of  the  tree  and  of  the  log  plainly  marked  on  their  larger  or  lower  ends. 
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The  stenciled  lines  for  sawing  are  adjusted  to  this  north  and  south  line,  as  shown  in  the  figures. 

25 

Each  space  is  then  branded  by  deep  dies  with  three  numbers,  as  for  instance  thus :    2,  which  signi- 

•i 

fles  that  this  stick  was  number  4,  in  log  2,  of  tree  25.  A  facsimile  of  the  stenciling  is  recorded  in 
the  log  book,  and  the  sticks  there  numbered  to  correspond  with  the  numbering  on  the  logs.  After 
sawing  each  stick  can  be  identified  and  its  exact  origin  determined.  These  three  numbers,  then, 
become  the  identification  marks  for  all  specimens  cut  from  this  stick,  and  they  accompany  the 
results  of  tests  in  all  the  records. 

The  methods  of  sawing  shown  in  Figs.  2  and  4  are  called  "boxing  the  heart;"  that  is,  all  the 
heart  portion  is  thrown  into  one  small  stick,  which  in  j)ractice  may  be  thrown  away  or  put  into  a 
lower  grade  without  serious  loss.  In  important  bridge,  floor,  or  roof  timbers,  the  heart  should 
always  be  either  excluded  or  "boxed"  in  this  way,  since  its  presence  leads  to  checking  and  impairs 
the  strength  of  the  stick. 

After  saMdng,  the  timbers  are  stored  in  the  laboratory  until  they  are  tested.  The  ."green 
tests  "  are  made  usually  Avithin  two  months  after  sawing,  while  the  "  dry  tests"  are  made  at  various 
subsequent  times.  One  end  (60  inches)  of  each  small  stick  is  tested  green,  and  the  other  end 
reserved  and  tested  after  seasoning.  The  seasoning  is  hastened  in  some  cases  by  means  of  the 
drying  box  shown  on  Plate  i.  The  temperature  of  the  inflowing  air  in  this  drying  box  is  kept  at  about 
100°  F.J  with  suitable  precaution  against  checking  of  the  wood,  and  the  air  is  exhausted  by  means 
of  a  fan.  The  air  is,  therefore,  somewhat  rarefied  in  the  box.  The  temperature  is  at  all  times 
under  coutro].     It  operates  when  the  fan  is  running,  and  this  is  only  during  working  hours. 
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The  U'stin^  l;ilM>ratory  is  tht-  baM-ineiit  story  of  the  •jymiiaj^iuiu  Ijuihliiiti  of  Wasbingtou  Uui- 
versitv.  Its  diiiifiisioiis  are  71  Wy  KI  IW-t,  with  one  coriu-r  piirtitioueil  oil.  as  t>hovrn  on  the  floor 
phiii,  Plalf  I.  Tlie  net  area  usi'd  lor  hiboralory  pinposi-s  is  L\.'>(M»  s.|Uarf  iV-t-l.  All  tlio  ai^j.aratus 
susiMiKlid  from  tliL-  cfiliii;:,  as  s.haltiii^r.  st«am  pipes,  exhaust  laii,  ete.,  is  shown  in  dotted  hiuvs. 

The  apparatus  pertinent  to  tlie  tiniLer  tests  eousists  of  a  l.CKH».iHMt  pc.und  eohuun  testiuj; 
uiaehiue:  oiu-  Uhi,(HMI  p.amd  beam  testing.' uiaeliine,  one  KMMHHI  j^ouud  universal  testing  maehine, 
of  Kiehle's  ♦•Harvard"  pattern;  one  small  portable  beam  maehlii...tne  «)-horse  power  Hrayton  «<ial 
oil  eii;:in«-.  one  l-horse  power  stoiun  engim-,  one  planer  and  one  latlie.  for  ironwork:  one  planer, 
one  biuul  saw,  ami  "me  eutting  oiVsaw,  for  sliapiu-  and  .Iressing  wood  specimens;  suitable  wales, 
drying  ovens,  etc.,  for  tlie  moisture  and  speeilie  gravity  tests:  tiie  drying  box  with  its  steam  eoiis 
and  .xhaust  fan,  and  all  the  neeessary  applian<es.  benrhes,  t«tols,  desks,  ete..  inebiding  a  Tliateher's 
sbde  rule  for  making  tlie  e«imputations.  The  timber  is  store<l  in  varitms  parts  of  the  riK.m  not 
otherwise  utilized.     ritiiii:itel\  a  warelmuse  will  liiivc  to  be  obtained  for  storing  the  broken  speei- 

mens. 

Tin   croxishrKtl.uiti  /<.s7,\. 

Litnjc  biani»<.—Thii  large  beams  are  tested  on  the  huge  beam-testing  maehine  shown  <m  Plate  IL 
The  base  of  this  maehine  ««»nsists  of  two  long  leaf  pine  sticks  [I'liiiis  pnlnKtrU).  t>  inches  by  18 
inches  by  L'l  feet  long,  with  :i  steel  plate  three  fburths  of  an  inch  by  is  in«hes  by  20  tV-ct  long,  all 
bolted  uj.  as  one  beam.  The  power  is  applied  by  hydraidic  pressure  upiui  a  plunger  beh.w,  to  the 
crosshead  of  which  are  attached  the  two  side  .screws,  on  which  the  upiier  erosshead  is  nmvwl  by 
sleeve  nuts  and  spur  gearing.  The  beam  t4.  be  teste.l  rests  on  piv.ts  at  th.'  en.ls.  placed  on  top 
of  the  base  b.-am.  and  the  ujiper  <rosshcad  ismove.l  down  by  mt-aiis  of  the  gearing  until  the  central 
piv.t  attached  to  it  comes  in  cntact  with  the  beam,  or  rather  with  the  distribution  bhn-ks  placed 
on  the  beam  at  this  i>oint.  The  t«'st  then  begins,  the  power  originating  in  a  d..uble  plunger  pump, 
operated  bv  hand  or  by  steam  jiower  in  another  part  of  tin-  room. 

To  prevent  the  pivots  or  ••knife-edges"  from  crushing  into  the  timlur,  it  is  neces.sary  to  make 
liie  conta<-t  at  b..th  ends  and  ccnt.-r.  lirst  ui.on  a  cast-iron  plate,  then  thr..ugh  hmger  woiKlen 
blocks  to  the  tind.er.  The  center  block  is  «-»irved  somewhat  on  the  lower  .side,  to  allow  for  a  eou- 
siderable  deflection  in  the  beam  when  nearing  its  maximum  h.ad. 

'  In  the  tests. .fall  beams,  both  large  and  small,  the  load  is  put  on  at  llu- same  uniform  rate,  so  as 
to  eliminate  the  time  etVcct.  wliicii  is  very  great  in  timber  tests.  Tin-  h.ad  on  the  small  beams  is 
increased  at  such  a  rate  as  to  i.rodu.-e  an  increa.se  in  the  defection  «.f  one  eighth  inch  j.er  minute 
without  any  pause  until  rupture  occurs.  This  eau.ses  ruj.ture  in  from  ten  to  lifteen  minutes  time. 
The  h.ad  is  n:id  olV  when  it  reaches  ci  tain  cv.ii  amount-<,and  an  ..bserver  not«'s  the  .••.rresjionding 
detle<-tion  without  .sU.pping  the  test.  The  time  re.iuired  for  the  large  beam  tests  is  about  the  same, 
the  dellection  rate  being  greater  when  the  t«.tal  delleciion  is  ex|M'cted  t4.  be  grejiter.  as  is  the  ease 
with  4  bys  inch  .sticks  12  feet  long.  Tlie  .|ellections«.f  tUe  large  beams  are  ..bserved  uix.n  a  i.ai>er 
.s.ah-.  gniduated  to  inches  and  tenths,  gliie.l  In  :i  piece  of  mirror,  which  is  talked  to  om-  side  of  the 
stick  at  the  center.  .\  line  thread  is  sirelched.  I'V  means  of  a  niblM-r  band,  «.ver  n:iils  driven  into 
the  side  of  the  stick  above  the  end  sujiiHuts  on  tlie  line  of  the  neutral  axis.  This  siring  or  thread 
is  moved  about  an  inch  awav  from  tlie  surfme  of  the  timber,  and  all  parallax,  or  error  of  reading 
from  an  obliMue  position  of  the  eye,  is  avoided  by  keeping  the  .ye  \vhcre  the  thread  and  its  image 
in  the  MiiiTorcoimideaml  f..rm  one  and  the  same  line.  The  readings  are  taken  to  inches  and 
liiiiidie.ltlts  by  e.stimatin;:  the  tenths  of  the  gnidualii.n  sjiaces  on  the  scale. 

fhe  h.ads  are  weiglH-d  on  the  large  universal  testing  nniehine  in  another  part  of  llu-  rr»oni. 
This  is  done  by  having  both  ma.hines  ennnected  up  to  the  same  i.ump.  Idocking  the  weinhing 
machine  si.  that  the  load  ..n  its  plunger  is  tiaiL-milted  to  the  s«alcs  and  weighing  l«eam,  and  then 
puiiii.iiig  into  l.nih  ma.hine.s.  The  plungers  are  of  exactly  the  .sauie  diameter:  they  have  similar 
h-alher  cup  pa<king.  and  hence  the  error  of  this  inelhiHl  is  .simply  the  difference  in  the  friction  of 
the  two  plun;:ers  in  Iheir  packing  riiiKS.  To  lot  the  accunicy  of  this  metlK'.^l.  and  to  iht4rmine 
the  error,  if  anv.  at  any  time,  a  nest  of  calibrating  springs.  >lio\vii  on  I'lale  ll,  was  iikmIc  and  tested 

Ihsi  on  the  Kmei  V  machine  at   the  Inile.l  .States  Ars4nal,  at  Waterlown,  Mas.s.     The  loads  were 
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found  whicli  corresponded  to  given  deflectioDS,  or  in  other  words  the  stress  diagram  of  these 
springs  up  to  a  30,000-pound  load,  which  corresponds  to  alittle  more  than  one  inch  elastic  deflection. 
By  repeating  this  test  on  the  100,000-pouud  universal  or  weighing  machine,  and  then  on  the  large , 
beam  machine,  and  plotting  the  stress  diagrams  obtained  from  each,  not  only  can  these  machines 
be  compared  with  each  other,  but  both  can  be  compared  or  calibrated  with  the  Emery  machine  at 
the  Watertown  Arsenal. 

In  Fig.  5  the  three  curves  corresponding  to  the  three  machines  are  given.  They  are  so  nearly 
coincident  that  it  is  shown  that  not  only  is  the  universal  100,000-pound  Eiehle  machine  correctly 
graduated,  but  that  the  method  used  of  weighing  the  loads  on  the  beam  machine  by  means  of  the 
universal  machine  results  in  no  appreciable  error.    This  test  can  be  applied  at  any  time,  and  proof 


Detlectiou  in  inches. 

Fig.  5. — Standardizing  tests  with  calibrating  springs. 

readings  have  been  made  at  frequent  intervals.  The  beam  machine  is  greatly  simplified  by  thus 
dispensing  with  all  attached  weighing  apparatus,  which  would  be  greatly  in  the  way  in  the 
handling  of  large  beams  sometimes  weighing  over  1,000  pounds. 

Small  beams. — The  small  beams  which  are  nominally  4  inches  square  and  60  inches  long 
between  supports  are  tested  on  the  small  beam-testing  machine,  shown  on  Plate  iii.  This  machine 
was  designed  originally  for  testing  cast-iron  beams,  the  load  at  one  end  or  one-half  the  load  at 
the  center  being  weighed  on  a  pair  of  ordinary  platform  scales.    The  deflections  are  read  off  to 
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thousaiulths  of  an  iiitli  uinm  a  uiirn  •miter  stri'W  lielil  in  the  top  iron  onwsbeam.  By  this  means 
a  ri^ritl  coniu'ttiuu  is  ulttaine*!.  thniu};b  parts  not  under  stress,  Innn  the  end  supjKirts  to  the  tenter 
bearinvT'^.  The  njovenient  of  thi-  renter  with  relVrenee  to  the  ends  i>  therefore  «tlitained.  re{rardle.s8 
of  the  alisohit*-  movenuiit-s  of  the  jKirts.  The  htatl  is  put  on  hy  the  hand  whe.1  and  power  mivw, 
and  tlie  wei^'hiuK  U-am  kept  in  liahinee  by  putting;  on  overwei;rhts  and  movintr  the  \M\tn.:  Three 
men  are  required  to  make  this  i.  >i.  One  moves  the  [Miwer  Miew.  whieh  ha8  one  fourth  ineh  piteh, 
.S4I  as  to  iuake.one  revolution  e\ery  two  niinnles,  ami  he  roiitinnes  lliis  uniform  motion  till  rui»- 
ture  «K«urs.  Another  keeps  the  Males  l.alaneed  and  ealls  ofV  the  even  hundreds  of  p«»unds. 
Aimthi  r  ke«ps  the  mierometer  s«rew  in  eonta«t  with  the  head  of  the  jMtwer  screw,  i-cads  it  for  eer- 
tain  even  hundre«l  jMiund  loads  ealled  oJV.  and  reeords  the  tiun*  of  eaeh  sueh  readiii;:  to  the  ue^irest 
minute,  the  h»ad,  and  the  <-orre.spondin-r  reading  of  the  mierometer  serew.  Here  als«t  the  end  and 
i-.iit4-r  bearinjrs  are  proteete*l  by  in.u  j.lates  lar;.'e  .iioufih  to  1'"v.iiT  mhv  ai.i.if.  iable  distuitiou 
fn<iu  lateral  eompression. 

After  nii»ture  caeurs  the  stiek   is  bored   for  samples  from  wliieh  t«»  obtain  the  moisture  testa, 
ami  the  uninjured  ends  sawe<l  otland  ummI  for  the  remainintr  test-s  «-•*  deseribe<l  Ih-Iow. 

'flu  uiointurc  trxt. 

The  iMirin^rs  are  taken  from  two  holes,  L'ti  inehes  fr<»m  i\u\\  en«l,  and  at  alwiut  one  third  the 
width  of  the  stiek.  from  either  side.  These  borinjjs  are  first  wei;ihed  on  a  delicate  balanee  then 
pla.ed  in  a  drying  oven,  at  a  »emi>erature  of  lMl'  F.  until  they  have  re  uhed  a  nearly  eonstant 
wei-ht.  when  they  are  reweijrhed.  The  dry  weight  is  taken  as  the  basis  on  whieh  to  lompute 
the^perrentage  of  moisture.  Thus,  if  the  original  weight  is  twiee  the  linal  weight,  then  there 
was  as  mueh  water  as  womly  liber  in  the  stick,  or  oiu^  half  or  iK)  i»er  cent  of  the  original  weight 
was  water.  Hut  when  eoniput4-d  on  the  basis  of  the  dry  weight  there  would  be  1(K>  i.er  eent  of 
water.  The  advantage  of  .oinputiiig  the  iRMeentage  on  the  dry  weight  is  that  it  furnishes  a  eon- 
stant basis  of  eomi.a!i.s«.n,  whereas  if  eomi.uted  on  the  aetual  or  wet  weight  the  basison  whieh  the 
percentage  would  be  eomj.ute«l  would  vary  with  every  change  in  the  amount  of  moisture. 

Tin-  spn-ijiv  (jniritn. 

The  siKM-ilic-  gr.ivity  is  found  l»y  taking  one  of  the  end  pieces,  usually  »  by  I  by  S  inches, 
measuring  i-arefully  its  lateral  dimensions  by  ealipering  them  at  the  middle  iM.ints  of  the  sides 
at  the  «entnil  section,  measuring  the  length  in  a  similar  manner,  and  taking  the  i.r<Mluct  of  these 
three  dimensions  as  the  volume.  From  the  total  volume  and  the  actual  total  weight,  the  weight 
per  unit  volume  or  per  eiibie  f.M>t  is  found,  and  from  this  the  siu'cifie  gravity,  which  is  the  weight 
IH-r  cubic  f(x»t  dividiHJ  by  the  weight  of  a  «ubic  foot  of  distilled  wat.  r.  It  must  be  understtKxl 
that  all  the  small  (4  by  I  inch)  beams  are  jdaiied  up  true  and  rectangular  b.fore  t«'.sting  and 
that  all  the  cr.>sscuts  are  made  by  a  power  saw  so  adjusted  as  to  cut  truly  at  right  angles  to  the 
sides.  Tin-  volume  «an  thereftue  be  very  a«curat4ly  computed  from  the  dimensions  as  above 
de-scribed. 

Tin  Iritition  Unt. 

Tlio  tension  test  pie<e  is  cut  trnm  one  end  of  the  broken  beam.  It  is  HJ  inches  long,  '1\  inches 
wide,  and  lA  inches  Ihirk.  Its  thickness  at  the  center  is  re<luced  by  cutting  out  with  a  baiul  saw 
circular  segments,  leaving  a  breaking  .section  of  some  I'A  inches  by  three-eighths  imh.  This 
specimen  is  tlien  plaied  b.tween  th.-  plane  wedge  shaped  stwd  grip.s,  and  pulh^l,  the  same  sis  a 
bar  of  iron,  in  the  Inivers;!!  Machine,  shown  on  Plate  iv.  This  simph*  m.th<Kl  has  bwn  found 
very  satisfactiiry  in  pnictice.  and  is  fully  illustnitiMl  on  Plate  v.  For  this  test  care  is  taken  to  eut 
the  specimen  as  nearly  |.arallel  to  the  grain  of  the  woo«l  as  iMtssibh-.  wi  that  its  failure  will  mcur  in  a 
condition  of  jiure  ttn-iun. 

I'hc  cHiUcitiv  romprnntioH  tutt. 

Most  of  thes.'  tests  are  made  on  sticks  I  in«hes  sipiare  by  S  inches  long^lhe  ends  having  been 
cut  perfettly  true  and  at  right  anghs  to  the  side.s.  They  are  tested  in  the  Fniversal  Machine, 
the  compression  continuing  until  the  sti«k  has  bit-n  visibly  «rushed  and  has  pas,se<l  its  maximum 
load.     The  crushing  usually  manifests  itsi-If  over  a  plane  section,  by  erushing  down,  or  bending 
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over  all  the  fibers  at  this  section,  wliicli  may  be  either  a  right  or  an  oblique  section.  The  section 
of  failure,  however,  is  seldom  at  the  very  end.  The  slightest  source  of  Aveakness  may  determine 
its  position,  as  a  very  small  knot  for  example,  for  knots  are  a  source  of  weakness  in  compression 
as  well  as  in  tension. 

Some  tests  are  made  on  columns  40  inches  long  by  4  inches  square  on  the  large  beam  machine, 
but  these  usually  fail  the  same  as  the  short  blocks,  and  not  by  bending  sidewise. 

Compression  across  the  grain. 

Specimens  4  inches  square  and  6  inches  long  are  tested  in  compression  across  the  grain.  An 
arbitrary  limit  of  distortion,  namely  3  per  cent  of  the  height,  has  been  chosen  as  a  reasonable 
maximum  allowable  distortion  in  practice.  This  limit  is  indicated  in  the  test  by  the  ringing  of  au 
electric  bell,  and  the  load  then  on  the  specimen  is  called  the  compressive  strength  across  the  grain. 
The  same  limit  has  also  been  found  to  be  very  near  the  maximum  load  in  lateral  compression, 
which  is  also  determined. 

The  shearing  tests. 

Since  timber  fails  by  shearing,  or  splitting,  oftener  than  any  other  way  this  test  becomes  a 
very  important  one.  The  specimen  is  taken  2  inches  square  and  8  inches  long,  and  rectangular 
holes  mortised  1  inch  from  each  end,  and  at  right  angles  to  each  other,  as  shown  on  Plate  v. 
The  specimen  is  then  iiuUed,  in  the  Universal  Machine,  by  means  of  suitable  stirrups  and  keys, 
as  shown  in  the  plate.  The  ends  are  kept  from  spreading  or  splitting  by  putting  on  small 
clamps  with  just  enough  initial  stress  in  them  to  hold- them  in  place.  After  one  end  shears 
out  two  auxiliary  hoops  or  stirrups  are  used  to  connect  ihe  key  which  sheared  out  to  a  pin  put 
through  the  hole  at  the  center  of  the  specimen  as  shown.  The  other  end  is  then  sheared,  and  two 
results  are  obtained  on  planes  at  right  angles  to  each  other.  In  this  Avay  the  shearing  strength  is 
determined  on  two  planes  at  right  angles  to  each  other. 

Tests  of  full- sized  columns. 

No  set  of  experimental  tests  of  timber  would  be  complete  without  numerous  tests  on  full- 
sized  columns.  This  requires  a  machine  of  not  less  than  1,000,000  pounds  capacity,  capable  of 
crushing  to  failure  columns  from  12  to  14  inches  square  and  at  least  30  feet  long.  Such  a  machine 
has  been  built  expressly  for  this  work,  and  is  shown  on  Plate  vi.  It  is  capable  of  exerting  a  com- 
pressive force  of  1,000,000  pounds  on  a  length  of  35  feet  or  less.  The  sides  or  tension  members  of 
this  machine  are  made  of  four  long-leaf  yellow  pine  sticks  [Pinus  palustris),  from  Georgia,  each  8  by 
12  inches  and  45  feet  long.  The  i)ower  is  applied  by  the  same  hydraulic  pump  which  operates 
both  the  large  beam  machine  and  the  100,000-pound  universal  machine.  The  loads  are  weighed 
on  this  latter  machine  the  same  as  for  the  beam  tests.  The  plunger  in  the  column  machine 
has  just  ten  times  the  area  of  that  in  the  weighing  machine,  and  hence  the  loads  in  the  column 
tests  are  just  ten  times  those  indicated  on  the  weighing  beam,  with  a  slight  correction  for  the 
friction  differential,  which  has  not  yet  been  determined.  The  tail  block  is  of  cast  iron,  resting  in 
a  spherical  socket,  which  is  carried  on  a  car,  and  which  can  be  held  by  struts  resting  in  slots 
in  the  timber.  The  outer  ends  of  these  struts  are  kept  from  spreading  by  means  of  tiebars,  as 
shown,  and  the  whole  combination  can  be  moved  forward  or  back  so  as  to  make  the  distance  between 
face  plates  any  even  number  of  feet  from  two  to  thirty- six.  The  spherical  socket  in  the  tail 
block  will  produce  an  accurate  adjustment  of  the  end  bearings  at  the  beginning  of  the  test,  but 
after  the  load  is  on  it  is  thought  that  this  joint  will  remain  rigid,  the  same  as  a  solid  block,,  espec- 
ially if  precautions  are  taken  to  increase  the  frictional  resistance  between  these  bearing  surfaces. 
This  spherical  socket  is  provided  to  eliminate  the  effects  of  unequal  shrinkage  in  the  side  timbers, 
or  any  unequal  comj)ression  in  the  bearing  sockets,  and  not  to  serve  as  a  round-end  bearing  for  the 
column.  When  long  columns  are  tested  a  part  of  their  weight  will  be  supported  by  means  of  lines 
and  pulleys,  so  as  to  make  the  test  correspond  to  a  vertical  load  in  actual  practice. 


Significatur  of  rexultit. 

From  the  crtKSs-hrt'akin^  tenlts  an-  nhtaiiK'^l  tin*  rn»sKl)r«'akiii};  mkmIuIus  of  nipture,  the 
iiiimIuIus  of  fhistieity,  or  iiu'asnrt' of  tin-  stitliii-ss.  ami  tin*  ••histir  n'silifiu-i>,  or  iiK-asun*  of  the 
Iou;:1jiil'SS. 

Thi-  loails  ami  their  fonf^jxnidiiig  lU-lUftioiis  are  pKittctl  as  nTtaii;:iilar  «iMinliiiat«'K,  aiul  the 
iuihIiiIus  of  elsisticity  and  the  elastir  resilieiiee  aiv  olitainiMl  fr<nii  a  study  of  this  strain  dia^nun. 

Thf  follow  in;,'  is  an  exanijilr  of  the  reeord  made  for  ev«-ry  Iteam  te>t.  This  is  a  re<-ortl  of  a 
test  made  on  i  I  1i\  s  in,  li  ^tii  1,  cf  l..nL'  I«:it' I'iin-.  IL'  firt  liMii:.  wliieli  was  |ila«-e<l  on  supiKtrts  14t) 
inches  apar! 
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The  observed  data  are  given  in  the  columns  headed  "Time,"  "Load,"  and  "  Scale  Beading." 
These  results  are  recorded  on  this  sheet  in  ink  as  they  are  observed.  The  result  in  the  "  Deflec- 
tion" column  is  comi>uted  from  the  scale  reading.  It  is  placed  next  to  the  column  of  "Loads"  for 
convenience  in  plotting  the  strain  diagTam,  which  is  done  on  the  ruled  sqxiares  at  the  bottom  of 
each  sheet.  These  plotted  results  fall  in  all  cases  on  a  true  curve^  similar  to  the  one  shown  on  p.  36. 
The  total  area  of  this  curve,  0.  JD.  JE.,  properly  evahiated  by  the  scales  used,  represents  the  total 
niimber  of  foot-i)Oiinds  or  inch-pounds  of  work  done  upon  the  stick  before  rupture  occurred.  This 
is  called  the  Total  Cross-breaMng  Resilience  of  the  stick,  and  when  divided  by  the  volume  of  the 
stick  in  cubic  inches  it  gives  approximately  the  total  cross-breaking  resilience  of  the  stick  in  inch- 
pounds  per  cubic  inch  of  timber. 

A  better  criterion  of  toughness,  or  resistance  to  shock,  is  some  definite  portion  of  this  strain 
diagram  area,  as  0  P  K,  for  example.  This  amount  of  resilience  or  spring  can  be  used  over  and 
over  again,  and  is  a  true  measure  of  the  toughness  of  the  timber  as  a  working  quality.  To  locate 
the  point  P,  the  following  arbitrary  rule  has  been  followed : 

Draw  a  tangent  to  the  curve  at  the  origin,  as  0  ^.  Lay  off  A  C  =  ^  B  A^  and  draw  0  C. 
Draw  m  n  parallel  to  0  C  and  tangent  to  the  curve.  Take  the  point  of  tangency  as  the  point  P, 
and  draw  P  K.    The  area  0  P  Jf  is  then  called  the  Relative  Elastic  Resilience* 

There  is  no  "  elastic  limit"  in  timber  as  there  is  in  rolled  metals.  In  this  respect  it  is  like  cast 
iron.  The  point  P  is  the  point  where  the  rate  of  deflection  is  50  per  cent  more  than  it  is  at  first, 
and  usually  falls  on  that  part  of  the  curve  where  it  begins  to  change  rapidly  into  a  horizontal 
direction  or  where  the  deflection  begins  to  increase  rapidly.  The  areas  of  these  curves  are  meas- 
ured with  a  planimeter  and  reduced  to  inch-pounds.  Thus,  if  1  inch  vertically  represents  5,000 
pounds,  and  1  inch  horizontally  represents  1  inch  deflection,  then  1  square  inch  represents  5,000  x 
1=5,000  inch  pounds.  If  the  area  0  P  K  is  1.73  square  inches,  then  the  corresponding  resilience 
is  8,650  inch-pounds.  This  means  that  a  weight  of  100  pounds,  falling  86.5  inches,  or  1,000  pounds 
falling  8.65  inches,  would  have  sti'ained  the  beam  up  to  the  point  P  or  it  would  have  deflected  it 
1.66  inches,  and  the  beam  would  have  been  then  resisting  with  a  force  of  10,000  pounds,  since  P 
falls  on  the  10,000-pound  line.  If  this  result — 8,650  inch-pounds — be  divided  by  the  number  of 
cubic  inches  in  the  stick  between  end  bearings,  the  resiilt  is  the  true  Relative  Resilience  in  Cross- 
breaUng  in  inch-i)ounds  per  cubic  inch.  This  result  is  independent  of  the  dimensions  of  the  test 
specimen,  and  is  therefore  a  true  measure  of  the  quality  of  timber  which  is  usually  known  as 
toughness.  It  depends,  as  toughness  in  the  usual  understanding  does,  on  both  the  strength  and 
the  deflection ;  in  fact,  it  is  very  nearly  the  half-product  of  the  strength  developed  and  the  deflec- 
tion i)roduced  at  this  particular  point  P.  It  is  probably  the  nearest  quantitative  measure  of  the 
toughness  that  can  be  arrived  at. 

The  strength  of  the  extreme  fibre  is  com^juted  by  the  ordinary  formula — 

f    3Wl 

where  /  =  stress  oji  extreme  fibre  in  pounds  per  square  inch, 
W  =  load  at  center  in  pounds, 
I  =  length  of  beam  in  inches, 
b  =  breadth  of  beam  in  inches, 
h  —  height  of  beam  in  inches. 

At  the  time  of  final  rupture  this  formula  by  no  means  represents  the  actual  facts.  It  assumes 
that  the  neutral  plane  remains  at  the  center  of  the  beam  till  rupture  occurs,  which  is  far  from 
correct.  In  green  timber,  where  the  crushing  strength  is  greatly  reduced  by  the  presence  of  the 
sap,  the  crushing  resistance  is  only  about  one-third  as  much  as  the  resistance  to  tension,  so  that 
the  stick  invariably  begins  to  fail  on  the  compression  side.  This  causes  the  neutral  plane  or  plane 
of  no  stress  to  be  lowered,  and  at  the  time  of  final  rupture  this  plane  may  be  from  one-fourth  to 
one-sixth  the  depth  from  the  bottom  side  of  the  beam.  The  value  of  /  computed  by  this  formula 
from  a  cross-breaking  test,  therefore,  wiU  always  be  intermediate  between  the  crushing  strength 

'  This  term  has  been  coined  to  define  this  particular  portion  of  the  resilience  which  will  be  used  for  comparing 
the  relative  elasticity  or  toughness  of  dili'erent  timbers. 
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aiul  till-  streiiirtli  in  ti-nsioii.  Thus  the  triuiliiiiy  Ntivnsrth  of  a  giv»Mi  stick  was  f..uml  I..  Ue  r.,820 
iMMiii.ls  per  s.|uan-  iii«  li,  wliilt*  tin-  ttiisilt-  streiij^tb  \va^  ir..7si»  iKtmids:  theintSN  bieakiu}.'  streUfrth 
\\a.s  iVminl  l»\  this  tfst  t«)  be  IO.'.mhi  i»umuls. 

Tlu  mudulus  of  lUiMlirity  is  romputttl  IVoiii  the  foiiiiuhi — 


W  I        _      >»  /       _   U         -  ^,,^ 

wiiiii-  /.  =^  iiji'ciuiu^  <>i  ii.i.^ticity, 

,   H  .  /.  //,  ami  /(  as  in  imi.  (  J  j 
and    ,  ,     ,       .  ^. 

/>  =  «l«'neftion  of  beam. 

/  =  moment  of  inertia  of  the  eix»ss-seetion  =  ,\  h  h'  for  rwtanfrular  scitions. 

T..  tind  this  modulus,  a  tanfreut  lint-  is  drawn  to  the  strain  •ba;rram  at  its  oritrin,  as  O  A.  and 
the  ro.inlinates  of  any  i>oint  nn  tliis  line  us«'<l  as  the  \\  anti  l»  fr«.m  whieh  to  rompnte  E. 

The  motlnhis  is  tiius  seen  to  vary  dirertly  as  the  h>ad  and  inversely  as  the  detltntion,  hence  it 
is  a  trne  measure  of  the  stiffness  of  the  material.     It  is  tin-  most   constant  and  reliable  property  of 
all  kinds  of  «-iifrine.-rinf;  materials,*  and  is  a  iHT»-ssary  mtans  of  <-om].utin;r  all  .U-lieitiuns  or  dis 
tort  ions  undir  loads. 

In  using  tin-  modulus  of  elasticity  of  timber  for  ntmputinp  detlertious.  it  must  be  ivmembered 
that  in  this  cast-  the  time  etfect  is  very  great  (it  is  nearly  zero  in  nn-tals  and  that  this  faetor  can 
only  be  used  to  .(impute  the  detlection  for  t.ini>orary  loads.  The  delle<-tion  of  floor  or  roof  timbers, 
for  instanee.  un<!'  •  ■  ■■nstant  loads  is  a  very  dilVerent  matter,  as  it  increases  with  time. 

lidation  liHinrn  xtrvugth  and  utiffnexs. 

In  Fig.  C  is  shown  the  relation  louml  liy  l*rofes.sor  P.anschinger*  between  the  modulus  of 
elasti<ity  (Stiffness)  and  the  cross  breaking  strength,  from  tests  on  jiine.  larch,  and  tir  limber. 
.Vlthoii'ih  the  results  show  a  wide  range,  there  is  evidently  a  general  relation  between  tln-.se  two 
(juantitics,  as  indicati-d  by  llie  straight  line  drawn  tlirout.'h  the  i.lott«'d  p<iints.  The  algebraic 
exj.ression  of  the  law  shown  l>y  tlii>  line,  rendered  into  poimds  per  scpiare  iiuh.  is.  in  round 
numbers — 

Cross  breaking  strength  =  (i.(i(»4-".  Modulus  of  Klastieity  -4-  i'^).  (3) 

If  it  should  be  found  ihat  there  is  sueh  a  law  lor  all  kinds  of  lindier,  llien  there  maybe  derived 
an  etjuation  of  this  form,  iml  uitii  dilVerent  constants,  lor  eaeh  s]>ecies. 

li'iliitiiiii  lii'tinrii  stmujlli  initl  in  it/lit. 

In  I'ig.  7  is  .shown  the  relation  between  the  crushing  strength  and  the  si»ecilic  gravity,  when 
i)oih  are  reduced  to  the  standard  piicenta^ie  olinoisiure.  whieh  was  taken  at  1.".  per  ••cut. 

Thoe  n>Mlts  are  ;dso  lak<n  rmm  I'mli-ssor  I'.ausehinger's  jiublished  rec«trds  of  tests  on  Pirn-, 
harch.  and  I'ir  timbers,  and  they  .ouilusively  show  that  llie  greater  the  weighl  the  greatei  liie 
str«'ngtli  of  the  timber.  The  law  here  is  a  well  delined  one.  so  far  as  these  tindters  are  concerned. 
When  rendered  into  i:ngli>h  uidts  (jMiunds  jier  s.|.  in.  .  the  ei|uatioii  of  tlii>  lin.-  i<: 

rrushing  strength  =  i;'.s<hi  specilic  gravity   -  Miio.  (4) 

when  the  timber  contains  but    !.">  jter  cent    ot   moisture.     This  e(|uati(»n   would   also  vary  in  its 
con.>«tants  for  en«h  .siM-eies  of  timber. 

.    Il„.   ,,i,l,.   ,  miHlulu  uLliHlM-.!  riMorclii  of 

UvlH,  must  Im>  osjilaiiiMl  Ity  iTronomm  tiutli<MU  <•!  t<-«tiiiK. 

t  .S<-4'  I'l  II  vol.  IG,  of  I'r-'- r  11  ..i«.  liii..'.  r-  );■  (.•'Its  of  T.«i«  u\:n\i-  ai  (uivjTiiiiicnl  TwtiitK.I«»tMirat4ir.v  at  Munich. 
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Fig.  6. — Relation  between  cross-breakiug  etrengtli  and  modulus  of  elasticity  or  stiffness  for  Pine,  Larch,  Spruce,  and 


Fir  timber.     (After  Bauscbinger.) 

[Cross-breakiug  strength  =  0,0045  modulus  of  elasticity  • 
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ReUttion  brtfceeii  the  aniiprr'uiirf  strtiujth  and  the  prrmttatjt  of  moitttuff. 

Ill  Fig.  8  are  jilutted  some  very  i-areful  U'Kt-*  by  rrolessor  Haust-luiij^'er  to  show  the  relation 
bftweeu  the  jjerfeiitage  til"  moisture  ami  the  i-rushing  stn*iiy:th. 

There  is  Ui»  niU'Stioii  but  the  (•ni.<hin'r  and  the  shearing:  strentrth  are  Ixith  -rreatly  re«lucetl  liy 
moisture.  Tlie  mishiuj,'  test  also  ;j:i\e.s  a  very  fair  indication  of  the  stren;;:tli  of  the  timber  in  all 
other  way>.  In  this  instance  four  sticks  were  taken  and  set-tions  tejsted  lirst  gretMi.  or  having;  an 
averaj^e  of  .{7  per  cent  of  moisture  when  comi»ute<l  on  the  wet  weijjht,  <tr  'i\i  i>er  cent  of  moisture 
when  computed  on  the  dry  wci;rht.  as  is  tin-  pnu-tiic  in  the  tests  nmde  by  this  I>ejiartinent.  The 
.sticks  Were  then  dried  until  there  was  an  av«'ra;.a'  of  1  l.fi  i)er  rent  moisture  on  the  wet  weight,  or 
17  i)er  cent  of  tin-  dry  weight.  The  remaining  porti«uis  of  the  sticks  were  further  seasoned  until 
there  remained  but  8.1'  per  cent  moisture  rompiited  on  the  wet  weight,  or  !»  per  cent  moisture  on 
the  dry  weight,  and  tlit-n  teste<l.  This  is  a  smaller  percentage  of  moisture  than  outd«>or  bnnber 
ever  r«>ache.s,  as  tlie  ordinary  humidity  of  th«'  external  ;hi  "ill  iivii:ilU  mainlain  at  least  H*  per 
cent  of  nntisture  in  all  kinds  of  tind)er. 

When  lln's<'  three  groups  of  results  are  plotted,  and  the  most  probable  curve  drawn  through 
them,  there  is  seen  to  be  a  remarkable  increasi-  in  the  crushing  strength  when  the  ])ercentagc  of 
moisture  falls  below  Iift4'en  or  twenty.  Tlie  variation  in  strength  above  that  linut  is  very  small. 
Professor  J5aus«-hingir  has  jnildislied  a  great  many  sudi  curves,  all  showing  the  s;»me  general  law. 
This  curve  illustrat<-s  tin-  necessity  for  linding  tin-  percentage  of  moisture  Ibrevery  test  of  strength 
made. 

Professor  Kansiliinger  has  publislieil  very  few  tests  showing  tlic  relations  lietwcen  the  cross- 
breaking  strengtii  and  \\\v  iiioisture,  but  I'ig.  9  is  a  rei)rodiiction  of  such  results  as  he  has  given. 

When  the  percentagi-  of  moisture  sinks  as  low  as  U»  ilnic  apjjcars  a  wide  variation  of  strength, 
not  .sjitisfiMtorily  explained.  Tlu'ie  would  .seem  to  be  a  law  of  dei>endence,  however,  but  less 
marked  than  in  tin-  rasi-  uf  icuniinssive  sticngtli. 

UiUit'iDn  hrtinin  xjHcifir  f/rdritt/  (iinl  mnixiurr. 

In  Fig.  S  the  ••speeitir-gravity"  curve  shows  ilie  relation  between  the  specifu-  gravity  and  the 
percentage  of  moi.sture.  Ai  first  ilic  si>ecitic  gravity  diminishes  rapidly  as  the  percentage  of 
nntisture  is  reduced,  but  wlnii  liiis  lias  licen  reduced  to  l.">  j>er  cent  the  specific  gravity  changes 
very  little  for  any  furth«-r  reduction  in  moisture.  This  shows  that  the  shrinkage  is  insignilii  ant 
until  the  timl)ei-  becomes  nearly  dry,  when  it  swells  and  shrinks  almost  directly  witii  tin- 
I)ercentage  of  moisture,  so  that  the  weight  of  a  unit  volume,  which  is  a  measure  of  the  siK'<-ilic 
gi-avity,  remains  nearly  constant.  Tliis  curve  is  also  <.ii]y  oim-  ..f  a  great  many  similar  ones  given 
bv  I'rofcssur  Maiiscliitiger. 
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Fig.  8. — Variation  of  compressive  streugth  aad  of  specific  gravity  for  varying  percentages  of  moisture.     Results  on 

Sootcli  Piue  timber.     (After  BauscMnger.) 
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EXAMINATION  INTO  THE  PHYSICAL  PROPERTIES  OF  TEST  MATERIAL. 

(Writt«"U  by  KiUBKia  KoTii.) 

Tbf  physical  examination  nuisists  ill  asferljiiniug:  the  spefiJie  weitrht  of  the  «liie«l  material, 
and  inciileiitally  the  protjress  and  anumnt  of  8hrinka;re  due  to  seaMiuinj:;  the  <ouutiutr  :»i»d 
measurinj.'  of  tlie  annual  riuas.  and  noting:  other  micn»s«opir  appeaniuees  in  the  jjrowth:  the 
miiToscojiio  investijratinii  into  the  relation  of  sprinjr  :tnd  suninirr  \vo<k1  from  rin;:  to  rin^r:  the 
freipiency  and  size  of  medullary  rays;  the  numluT  of  cells  and  thickness  of  their  walls;  and,  in 
short,  the  ronsidei-ation  of  any  and  all  elements  which  m:iy  elucidate  the  structure  and  may  have 
intluence  upon  the  properties  of  the  test  pie<e.  The  rate  of  powth  and  other  liiolo{;ical  facts 
whirh  may  le:id  to  the  lindiii^' «»f  relation  lietweeii  physical  api>earanie.  conditions  of  •rrowth.  and 
merhaiiical  j^roperties,  ;trc  al<o  studied  incidentally. 

loMMTlOX   OF   THE   M.\TER1.\I.   <'N    .\KRIVAI.. 

The  speiimens  s«'nt  liy  mail,  and   in  iloublc  wrapper,  oiled   iiai)er  inside,  have  arrivcMl  in  all 
eases  in  very  <,MKid  condition.     The  journey  from  Alabama  t«»  Miclii;:an  occupies  from  two  to  four 
days,  and  oidy  in  exceptinnid  eases  are  the  wraiijiers  worn.     To  determine  the  etlect  of  the  wrajt- 
per  as  a  preventive  a;:;iinst  evai>oration,  several   pieces  wen-   ;dlowe«l  to  remain   in  their  ori;rinal  . 
wrai)per,  and  were  thus  weif^hed  from  time  to  time. 

The  followiii}:  lifjures  refer  to  a  half  tlisk  of  Pinus  jjuluxtri^.  consi.stiufr  almo.st  entirely  of 
.sap  wood. 


i>itt<'. 


ICfiiiark^ 


.•il. 


Id-I.    -M  ■ _.....- 

((,-1     3(1  .Vri<  r  vti'iiflitiic  liiila\  .1  I  .•v.r  llif  |i|rr». 

m-l]    31 I'lutli  r>'iimin>-<l.  lull  »:i«ii..i  i.nii.i-i i     n  lliiT«f«irr  l>oi-j«iit.  Un  ami  wr^  r.-iU"Vr<l. 

Xuv.   'J......  Till- jiit-if  frit  niiii«l  ami  wiw  luvi-nsl  wllli  niolil. 

!>.■.-    I?   


Diiiiii;;  iii«-  same   iimca  piece  ()f  the  same  disk   ami  weij;hinpr  Si'.'?  frrams  at    lirst.  was   left 

without  a  wrapper  in   an    iiiilicat»d    r ii   and    l«»st    li'.ts  -rrams   or  :U:\    per  cent.     These   lifrures 

.show  that  the  wrappi-r  alone  reduces  the  evajioration  t«>  a  minimum,  which  may  well  be  left  out  of 
coii.sidenilion,  and  also  that  if  this  wrapper  is  reinforced  by  dampciietl  <loth.  a  luecautiou  alw:iys 
ob.served  diirinjr  the  time  of  working  up  the  specimens,  the  cvajioration  ceases  ciitir»-ly. 

SHAI'IMr    AXI»    MA1JK1N<;    OF   Till".    MATEKIAL. 

Tin-  object  of  this  work  Immiij:  in  part  tlic  .liseovery  of  the  ditVeren«-es  that  exist  in  the  wood,  not 
only  in  tn-esof  dinereiit  .siiecies  orof  the  .same  sp«-«ies  from  various  l.M-alitie.s.  but  even  in  the  w»mmI 
of  the  .same  tr«'e  and  from  the  same  cross  section,  a  c:ireful  markiii;:  of  ea4h  jtiecc  is  nec»ssary. 
The  disks  are  sjilit.  first  into  a  luuth  ami  .south  pie«-e,  and  ea<h  of  tlie.se  iiit<i  smaller  pieces  of  vari- 
abb-  si/c.  Ill  one  tieeall  pieces  were  made  but  .{cm.thiik  ia«lially,in  another  4  cm.,in  .still  others 
."i  cm.,  while  ill  .some  tree.s,  e.sjHM'ially  widerint'cd  oak.s,  the  piece.s  were  left  still  lar^M  i.  In  the 
eonifers  the  outer  «»r  flr.st  piece  was  made  to  contain  only  sjipw«M»d.  Desirable  as  it  ajipcarctl  to 
liave  each  piece  .ontaina  <ertain  number  of  riii;rs.  ami  thus  to  n-jircseiit  a  tiwd  i»enod  of  ;.rrowtli, 
it  proved  impracticalile,  at  least  in  tin- very  narrow  riii;:ed  disksof  the  pines,  where  sometimes  the 
widtli  i»f  a  rinjr  is  les.s  than  .">  mm.  (0.15  inch  . 

Some  of  the  disks  were  s]»lit  t«i  a  wedf;e  shape  from  center  to  periphery,  so  that  each  smaller 
iiiece  not  only  represents  a  cert.iin  ]ierii)d  of  ;:rowth  in  quality,  but  also  in  .piaytity.  thus  simjilify- 
mii  the  calculations  tor  the  eiitin-  piive  <»r  disk.     Other  piec«s  were  left  in  their  prisnmtic  form, 
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wlieu  to  calculate  the  average  density  of  the  entire  piece  the  density  of  each  snialler  i)iece  is 
multiphed  by  the  mean  distance  of  this  smaller  i^iece  from  the  center,  and  the  snm  of  the  products 
divided  by  the  sum  of  the  distances.  For  it  would  not  be  sufficient  to  add  the  densities  of  the 
several  pieces,  and  divide  this  sum  by  the  number  of  pieces,  in  which  case  the  central  (prismatic) 
pieces  would  inordinately  influence  the  result. 

For  instance,  a  given  prism  gave  for  the  four  sections  from  periphery  to  center  the  following 
values : 


Section. 

Density. 

Mean  dis- 
tance from 
center. 

Product. 

a 
b 

a 

Total.... 

0.60 
0.50 
0.40 
0,30 

14 

10 

6 

2 

8.40 
5.00 
2.40 
0.60 

1.80 

32 

16.40 

The  density  from  sim^jle  addition  would  be  -f^  = 


,45,  Avhile  the  method  as  used  will  give 


16.4  0  Kl 

.■i2"    —  •'-'^' 


Each  piece  is  marked,  first  by  the  number  of  the  tree,  in  Arabic ;  second,  by  the  number  of 
the  disk,  in  Eoman  numbers;  and  if  split  into  small  pieces,  each  smaller  piece  by  a  letter  of  tbe 
alphabet,  the  piece  at  the  periphery  in  all  cases  bearing  the  letter  a.  Besides  the  number  and 
letters  mentioned,  each  piece  bears  either  the  letter  IST.  or  S.,  to  indicate  its  orientation  on  the  north  or 
south  side  of  the  tree.  To  illustrate:  5 — vii  IST.  «.,  means  that  the  piece  bearing  the  label  belongs 
to  tree  5  and  disk  vii,  comes  from  the  north  side  of  the  tree,  and  is  the  perii^heral  i^art  of  this  disk 
piece.  From  the  collector's  notes  the  exact  position  of  this  piece  in  the  tree  can  readily  be  ascer- 
tained. 

The  entire  i^risms  sent  by  freight  are  left  in  the  original  form,  unless  used  for  s^Decial  pur- 
poses, and  are  stored  in  a  dry  room  for  future  use. 


WEIGHING   AND   MEASURING. 

The  weighing  is  done  on  an  apothecary's  balance,  readily  sensitive  to  0,1  gram  with  a  load  of 
more  than  200  grams.  Dealing  with  pieces  of  200  to  1,000  grams  in  weight,  the  accuracy  of  weigh- 
ing is  always  within  1  gram. 

The  measuring  is  done  by  immersion  in  an  instrument  illustrated  in  the  following  design. 
F  is  a  vessel  of  iron,  S  represents  one  of  two  iron  standards  attached  to  the  vessel  and  pro- 
jecting above  its  top;  jB  is  a  metal  bar  fastened  to  the  cup  A,  which  serves  as  guard  to  the  cup 
and  x)revents  it  going  down  further  at  one  time  than  another  by  coming  to  rest  on  the  standards  S. 
The  cup  A  dips  down  one-sixteenth  to  one-eighth  of  an  inch  below  the  edge  of  the  knee-like  spout. 
In  working,  the  cup  is  lifted  out  by  the  handle  which  the  bar  B  forms,  wafer  is  iioured  into  the 
vessel  until  it  overflows  through  the  spout,  then  the  cup  is  set  down,  replacing  the  mobile  and 
fickle  natural  water  level  by  a  constant  artificial  one.  Now  the  instrument  is  set,  the  pan  F 
is  placed  under  the  spout,  the  cup  is  lifted  out  and  held  over  the  vessel,  so  that  the  drippings  fall 
back  into  the  latter,  the  piece  of  wood  to  be  measuredisputinto  the  vessel  and  the  cup  replaced, 
and  pressed  down  until  the  bar  i?  rests  on  the  standards  ^.  This  is  done  gently  to  prevent  the 
water  from  rising  above  the  rim  of  the  vessel.  This  latter  precaution  is  superfluous  where  the  cu^) 
fits  closely,  as  it  does  in  one  of  the  instruments  thus  far  used.  The  pan  with  water  is  then  weighed? 
the  pan  itself  being  tared  by  a  bag  of  shot.  The  water  is  poured  out,  the  pan  wiped  dry,  and 
the  process  begins  aiuew.  To  work  well  it  takes  two  persons,  one  to  weigh  and  record.  The 
water  pan  is  a  seamless  tin  pan,  holding  about  1,500  cc.  of  water  and  weighing  only  144  grams. 
The  temperature  as  well  as  density  of  the  water  are  ascertained,  the  latter,  of  course,  omitted 
when  distilled  water  is  used.  To  maintain  the  water  at  the  same  temperature  it  requires  frequent 
changing. 

In  constructing  the  apj)aratus,  care  should  be  had  that  the  point  W  is  higher  than  the  poii^t 
M;  if  this  is  not  the  case,  some  air,  slightly  comx^ress^d  by  a  closely- fitting  cui>,  suddenly  finds  an 
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outlet,  aiul  rarries  soiiu'  water  aliiii;;  with  it.     TIm*  arj-iiniov  of  this  instriiiiifiif  is  very  roiisi«hraMe 
ami  ••asily  t«'st4Ml:    its  iiian:i;;«Mii)*iit   is  siiii|ih-.  its  i-uiistniiti<iii  i-asy.     I'lvviously  two  ways  ha«l 
iK-eii  triial.     In  oiu-  v:\m-  a  similar  \  i-sm-I  almiit  l."i  riii.  »liaiin*IiM  lia«l  ••••••ii  iis«-<l.  haviiiji  a  ;ira4liial«Hl 

ghiss  tube  oil  th«-  outsiih*  toiiuniiniratiiif^  with  thi*  wsiiel.  The  iva<liii}rs.  iua«U*  with  a  itiapiitifr. 
w«'ie  la<ilitat»-<l  l>y  a  th»at.  A  rise  of  1  iiiiii.  retiuiriiin  aliour  17  ruh.  ciii.  would  havi*  todistiiifruish 
OIU*  .sfV«*iit»M-iilli  of  a  iiiillirin-t«*r.  Without  furlht'i(lisinssiii«r  the  <lil1i«ulti«-s«if  this  nu-tho«l.  it  may 
hv  statfil  tiuit  it  iuovj'«l  by  uo  n»-aus  salisfa4t«uy.  TIu'mm«iih1  way  \va>  to  allow  tin-  wattT  to  Jlow 
over  a  broad,  short  aud  stet*|t  sjMiut  with  a  ileau.  sharp  »'d{ri'.  and  then  t«»  weijjh  the  water,  aw  18 
done  at  pre.sent.  This  gave  nuuh  better  results  than  the  methiMl  just  destrilxnl,  but  it  is  a  sh»w 
method:  the  water  reijuires  tint  Ion;;  to arran;re  its  level,  and  any  slij^ht  sh«M-k  onlisturbanee  readily 
vitiatf  -  ''  •  'XiH'riment. 
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Fn;.  10.— Appamtiw  for  ilrt«-niiiiiiiiK  h|MS  iiu-  ijiavitv . 


IiTST'T-SSMnN    (iF    VAKIOrS   MKTHOHS   TO    A.SI'EKTAIN    VOLl'MK. 

Ilaviii;^  «i<-<  rii>.  (I  i  u-  iiiotb-  of  doinj;.  the  ajiplieatiou  of  t In- met liod  ol  uieasureuieiit  l>y  im- 
nu-rsion  for  jMirous  b<Mlies  like  wimmI  re<iuin-s  some  «onsid<'ration.  The  fa<f  that  it  ha.s  lu»en.  ami 
is  t-i>day,  extensively  empli>y<d  l)y  the  best  of  experimenters  is  eertaiidy  a  reeoininendatioii,  but 
can  not  scrA'e  as  am  arKnment  for  it,s  jieeuraey.  aind  it  aippeared  uiHi'Ssjuy.  therefore.  t4.  resort 
t4i  sp<-4ial  4'Xperiments.  Itefon-  des4ribin;r  th4'se  experiments  anil  their  lesults.  a  eon.siiliiation  of 
the  ol>i«'etions  and  tlieir  justilnatiim  tr4»m  a  j^enenil  stamlpoint  may  not  pa-ove  amiss.  The  4.bj4-4-- 
tiiMi  of  ina44ura<y  4.f  fin-  appairatus  ««'a«es  jit  once  with  aiia  insfriuneut  whose  jH'4'urau'y  4;in  Im- 
d«ian»nstnit4Ml  any  mi.meiit.  ami  expn\s«'4l  in  praims  or  pairts  of  sai4h.  Not  S4»  with  th4-  m(M-4-  4  (im 
moll  ol.i4'4tioii  that  "  wimmI  .s<»iiks  n]i  wat4'r  while  the  im-asurin;:  is  ;,'4>injr  on."  This  stal4'm4nl 
;rem  rallv  ;ii>pear>  t4i  4Xpi4-ss  two  mon-  4ir  h«ss  ilear  n4tti4>ns,  41114-  implying  a  sw4-llin;r  4if  th4-  W4mm1 
<in  imbibin;:  wat«'J-.  and  thus  a  ehant,'e  of  dimensions  durin;;  the  pnH'e^s  4if  the  exiieriment :  Hm- 
4»ther  a  .soiikin;,'  4»f  wati-r  into  the  4-ell  4avitius  anahi^'ous  t4.  the  inshin;:  4if  wal4T  int4»  the  eajMllaiy 
tiilMS  of  plast4r  of  Paris,  and  tints  a  iltH-reaw  of  water  in  tin-  vo,ss4l  ami  a  4-4tns<'4pu'nl  iim4-4iira4y 
of  the  4\p4rimenl.  Tin-  i^.n^Mtm-ss  of  the  tirst  4.f  thes.-  two  noti4.n>.  i-xiKTinu-nt  alone  jMiiihl  es- 
tablish; that  of  theM'einid  nece.ssitate.s  n  exm.siderati«inof  ;reneral  W4mi41  struetnn-.  A  pieeeofpiuo 
woimI,  f4»r  iiistam*',  resists  the  passaj^i' of  water  in  n  nulial  «lirivlioii  even  when  nmler  i-onsidenibh' 
jmssiin-.  h-.ss  .S4.  in  a  tangential  dinstii.n.  and,  i.f  .-oua-s*-.  very  mn4h  hss  l(Mi;rilnilinally.  In  a 
ladial  .lire4lion  it  is  a  piiM-ess  of  soaking  iVoni  4ell  t4i  i-4ll,  often,  in  split  w.mmI  44)mm4inly  tliron-h 
the  tlii4  k  eell  walls  41!  the  summer  wcmkI,  and  oven  the  nuMlullaiy  rays,  4.win'^'  to  the  small  railial 
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dimension  of  their  elements  seem  not  to  improve  the  conductivity  to  any  great  extent.  This  is 
quite  diftereut  in  a  tafigential  direction  where  every  element  possesses  dotted  pits.  But  these  pits 
are  guarded  by  membranes,  and  any  one  who  has  watched  a  thin  section  freshly  cut  from  a  dry 
stick  with  its  many  persistent  air  bubbles,  appreciates  why  water  does  not  pass  readily  through 
wood  across  the  grain.  In  a  longitudinal  direction,  the  lumina,  or  pores  are  open.  Here  each 
lumen  acts  as  a  capillary  tube,  and  once  moist  is  as  eager  to  take  up  water  as  a  capillary  tube  of 
the  same  dimensions  in  plaster  of  Paris.  In  pine  wood  the  greatest  length  of  these  tubes  is  about 
6-7mm.  Assuming  that  the  cells  are  cut  in  such  a  manner  that  the  average  length  of  the  tube  exposed 
by  the  section  is  one-half  of  the  total  length,  or  3-5  mm.,  also  that  the  capillary  attraction  is  such 
that  it  equals  a  pressure  of  one  half  atmosphere,  then  the  air  contained  in  each  cell  will  be  reduced 
to  three-fourths  of  its  original  volume,  allowing  one-fourth  of  the  tube  to  be  filled  with  water.  In 
the  case  assumed  then,  water  would  fill  the  tubes  for  about  f-1  mm.,  and  if  these  tubes  occupy 
three-fourths  of  the  entire  cross  section  (the  other  one-fourth  being  tube,  or  cell  wall)  the  water  at 
each  cross  section  crowded  into  the  wood,  amounts  to  a  sheet  less  than  1  mm.  thick  and  f  of  the 
cross  section  in  extent.     Actually  this  maximum  is  probably  never  attained. 

Returning  to  the  experiments,  the  above  conclusions  were  largely  verified,  but  not  all. 

To  determine  the  behavior  of  wood  as  regards  swelling,  a  piece  of  white  pine  was  carefully 
dressed,  measured  with  a  micrometer  caliper  of  Darling,  Browne  and  Sharpe,  12  inch,  with  vernier 

accurate  to  one-fiftieth  of  a  millimeter(  inch  ) 

The  width  measured  was  4.528  cm.  The  piece  was  then  measured  by  immersion,  wiped,  and 
measured  with  the  caliper,  which  had  been  left  set.  The  caliper  still  fitted  at  the  particular  place 
which  had  been  marked  with  pencil.  The  piece  was  then  immersed  for  one  minute ;  the  caliper 
still  fitted  so  perfectly  that  no  difference  in  friction  on  sliding  it  nj)  and  down  could  be  observed. 
The  same  was  true  after  an  additional  immersion  of  two  minutes  and  then  one  of  five  minutes. 
The  piece  of  wood  was  then  left  to  dry  and  was  again  measured  forty-five  minutes  later.  The  width 
had  changed  from  4.528  to  4.532  cm.  during  the  fifty  minutes  since  the  time  of  first  immersion. 

This  simple  experiment  shows  what  might  have  been  expected,  that  the  imbibition  by  the  cell- 
walls,  on  which  swelhng  depends,  is  too  slow  a  process  ever  to  interfere  in  measurements. 

To  study  the  rush  of  water  into  the  wood,  numerous  weighings  on  different  woods,  including 
pine,  both  hard  and  soft,  white  wood,  and  oak  were  made. 

The  agreement  in  their  behavior  is  such  that  the  following  illustrations  may  serve  the  pur])ose 
of  showing  the  eft'ects.  A  piece  of  dressed  white  pine  was  Aveighed  when  dry,  then  it  was  meas- 
ured by  immersion,  not  to  obtain  the  volume  but  to  make  the  time  of  immersion  that  commonly 
requisite  to  do  the  work.    The  results  stand  thus  : 

Grams. 

Weight  when  dry 82.2 

After  first  immersion 83.9 

After  second  immersion 85.7 

After  third  immersion 86.2 

After  fourth  immersion 86.5 

After  fifth  immersion 86.6 

After  sixth  immersion 86.6 

After  seventh  immersion 86.8 

After  eighth  immersion 87. 1 

After  ninth  immersion 87.1 

After  each  immersion  the  piece  of  wood  was  wiped  with  a  damp  cloth,  a  process  Avhich  re- 
moves the  drippings,  but  also  aids  in  perfectly  moistening  the  wood.  Of  two  iiieces  of  white  wood 
molding,  one  was  given  a  coat  of  Hnseed  oil,  the  other  left  unoiled ;  the  following  figures  describe 
their  behavior : 


Weight. 

Oiled  piece. 

Kot  oiled. 

Dry 

112.5 
115.0 

112.5 
115.2 

A  f tp.r  immersion  find  wiping 

A  neatly  «lrfss»i|  pii-i-e  of  white  piue  um.n  iui>asuix*«l  with  caliiH-r  ;uid  itjs  diineiision^  iit  ceiui 
luelers  fuuuil  to  he  as  rolli>wrs: 


Aft«T  H  miiiut<-A  of  iiunicrxioii : 

Vohiiiii-  by  iiiiitifreion :  310.H,  lirwt  trial. 

Voluw«-  by  iiuuKThiuii :  310.y,  sfcoml  trial. 

The  .surface  area  of  thi.s  pieee  is  in  ronnil  li;;iM(s  .US  « in-,  of  whicli  in  fall  to  the  ends.  If  the 
(lilVerence,  .{.liO  em'  i»f  water,  were  evenly  distriliiited  over  this  area,  the  sheet  of  water  soaked 
iir  rushed  in  would  l>e  hut  (i.oi  cm.,  or  <M  mm.,  or  (>.(MM  inch  thick. 

A;:ain.  the  end  surface  is  lU  cm.,  tin- density  of  the  piece  ahoul  n.Kl;  setting' the  density  (if 
wootl  substance  at  about  1. .*»(>,  one  fourth  of  (his  surfa»e  is  cell-wall,  the  other  t line  fourths  cell 
lumen.     According:  to  the  calculations  set  tVutli  above,  the  sheet  of  water  drawn  into  the  cut  lumina 
of  the  «-c!ls  is  less  than  1  mm.  thick.     This   when  s]»re:ul  over  three  fourths  of  the  Mt  cm-',  or  .>(» 
cm-,  would  a«count  for  nearly  '■>  rm'  of  water. 

In  a  third  exiK.'riment,  on  a  piece  of  fresh  oak  wood,  the  voluim-  by  immersion  was  found  tf» be: 

"I'D  cubic  cc'iiliiiiotors '"•'t*'  '«"•»' 

":»  cubic  cfminu-t4rs Sccoml  trial 

730  cubic  cciitiiiutcni Thir.!  trial 

730(iibii'  c.iitiiiictcrH Fourth  trial 

730  cubic  cfutiuH-tcr» t"'*"'!'  '«"'»• 

The.se  experiments  show  that  the  water  in  lillin'r  all  crevi«es  and  i>ore.s  does  not  proewd  uni 
formlv:  that  its  jiro^^ress  dei)ends  on  variable  circumstances,  of  which  the  form  and  dimension  of 
tlie  cavities  and  the  existence  of  a  tilm  of  air  an-  probably  the  most  important.  They  al.-<o  indicate 
tiiat,  whether  fresh  or  dry.  the  water  adapts  itself  to  the  conlijruration  of  the  wtMKl,  a  cover  sheet 
is  formed  which  adheres  to  the  wood  ami  is  held  there  by  a  capillary  attra<titm,  but  that  the  water 
diM'S  nof  rush  into  the  wood  in  a  manner  analojrous  to  that  observed  in  inor;;ani«-  porous  bodies. 
In  every  ca.se  the  measurement  <if  the  caliju-r  is  ;.'reater  than  that  f«»und  by  immersion. 

The  i|Ucstion  now  arises,  is  the  measurement  l»y  immersion,  with  its  variable  fa«-tors,  sufti- 
ciently  reliable  or  should  the  volume  be  «letermined  by  the  laliper  .'  To  de<ide  this  <|Uestton  it  is 
neces.sary  to  examine  the  latt«'r  nn-thod  itsell.  In  doiu;?  s<»  we  may  ask.  is  it  more  ai-curat*-,  and 
is  it  practicable?  Turnin;r  back  to  tlie  caliper  measurements  recordetl  above,  we  (ind  that  in  a 
.S4ift,  wt-ll-dressed  piece  of  wood  the  dimiiisions  varied  very  consi«lcrably.  The  hei-^ht.  for  instance, 
was  on  «Mie  side  J..">24  at  one  end.  I..">.lsat  the  middle,  and  only  l.r>tKS  at  the  tither  end.  Cimiparinj; 
this  with  measurtMuenIs  made  on  macliineplane«l  pieces  of  mold  in;:,  eu-.,  it  was  Ibund  that  the 
latter  varii-d  as  much — in  soin*-  cases  even  nntre.  N<in«-  wt-re  free  of  the  wavy  outline-  so  charac- 
t«ristic  of  ma«hine  planin^j.  The  end  .surface  pro<lu<ed  by  a  saw  cut  rc(|uires  no  nnnticm.for  cNcry 
one  is  familiar  with  its  appearance.  To  be  reliable,  then,  much  more  accurate  work  in  dresssin;; 
woid«l  be  requi.site. 

The  praclicabilitN  >>i  this  nH'tlii>d  islimit<'d  to  ihccc^  w  inch  can  first  be  accurat<-ly  dressed;  fn'.sh 
woods.  che«ked   pie«es,  etc.,  are  thus  excludc<l.     The  lime  re<piisite  to  determine  the  volunn- «an 
easily  be  estimatinl  wlien  we  conKider  that  llftecn  measurenuMit.s,  each  retpiirinjir  the  ust?  of  i  lie 
mapnilier  and  the  deliatte  adjustment  of  the  micrometer  instruuniit  and  idm-  aiifhmetical  proc 
e.s.ses,  were  nM|ui.sile  to  liml  the  volume  of  one  |iiece  «if  wofnl.  ' 

From  the  above  we  .m-*-  that  the  caliper  measure  is  |ucferalil<-  only  il'  the  piece  is  dressed  and 
dres,sed  pertectly.     A»  it  is,  the  caliper  measures  the  wt»od  only  at  its  projections,  the  water  presses 
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too  deep  into  tlie  cavities.  Hence  the  difference,  and  the  necessary  choice  between  them.  Both 
•ways  furnish  variable^results,  thege  depending  in  the  case  of  the  caliper  on  accuracy  of  dressing 
and  precision  in  the  management  of  a  delicate  instrument,  and  involving  the  danger  of  too  compli- 
cated computation.  In  the  case  of  the  measurement  by  immersion  the  variations  depend  on  the 
nature,  form,  ami  size  of  the  piece  of  wood,  but  the  method  is  relatively  free  from  the  danger  of 
error  accompanying  the  use  of  delicate  instruments,  inaccuracy  of  reading,  and  complicated  com- 
putation. 

DRYING. 

Ajfter  marking  the  pieces  are  left  to  dry  at  ordinary  temperature.  Then  they  are  placed  in  a 
dry  kiln  and  dried  at  100°  G. 

The  drying  box  used  is  a  double-walled  sheet-iron  case,  lined  with  asbestos  paper  and  heated 
with  gasoline.  The  air  enters  below  and  has  two  outlets  on  top.  The  temperatiu-e  is  indicated  by 
a  thermometer  and  maintained  fairly  constant. 

The  reason  for  choosing  the  temperature  at  100°  C,  or  the  boiling  point  of  Avater,  is  the  fact  that 
experimenters  generally  have  used  this  particular  temperature,  and  for  the  sake  of  comparableness 
of  results  the  continuance  of  this  practice  is  desirable.  To  judge  from  the  experiments  so  far 
made,  this  temperature  is  taken -somewhat  too  high.  Prof.  Bauschinger,  of  Munich,  describes 
similar  experiments  where  the  wood  at  this  temperature  first  grew  lighter  and  finally  increased 
again  in  weight.  The  same  thing  has  been  observed  in  our  work,  but  neither  the  caiise  nor  the 
nature  of  the  process  has  as  yet  been  determined.  Moreover,  the  wood  is  brought  too  near  the 
burning  point  and  danger  from  conflagration  is  great.  Besides  these  two  chief  objections  it  may 
be  argued  that  wood  in  all  ordinary  uses  is  never  subject  to  temperatures  much  above  60°  C. 

To  determine  the  difference  in  humidity  of  wood  dried  at  different  temperatures,  and  to  obtain 
moisture-coefficients  corresponding  to  the  different  temperatures,  some  experiments  Avere  made  on 
the  wood  of  the  white  pine  and  that  of  the  longleaf  pine.  For  one  of  these,  pieces  of  sapwood, 
split  nearly  as  thin  as  matches,  were  used.  These  were  tied  in  loose  bundles,  weighed,  then  placed 
in  the  oven  to  dry. 

The  following  figures  contain  the  principal  residts: 


p.  p.iluatris. 


P.   Strobus. 


Weight  before  placing  in  kiln 

Dried  at  60  to  62°  C 

Dried  at  80  to  82°  0 

Dried  at  100  to  105°  C 


Grams. 

73.5 
68.4 
67.5 
66.9 


Grams. 


35.4 
33.3 
32.8 
32.5 


From  these  results  the  humidity  expressed  as  percentage  of  dry  wood  dried  at  varying  de- 
grees is : 


At  ordinary  temperature  (about  25°  C) . 

Dried  at  about  60°  C 

Dried  at  about  80°  G 

Dried  at  about  100°  C 


P.  palu.stris. 


Grams. 


9.8 
2.2 


.0 


P.   Strobus. 


Grams. 


8.1 

2.4 

.9 

.0 


Though  this  problem  is  by  no  means  solved  by  these  few  experiments,  it  is  clear  that  a  lower 
temperature  than  100°  0.  would  have  served  just  as  well,  and  also  that  wood  dried  at  80P  C.  (a 
much  safer  temperature)  is  nearly  as  dry  as  that  dried  at  100°  O. 


MOISTURE  EXPERIMENTS. 


In  connection  with  these  experiments  in  drying  at  different  temperatures  a  series  of  exj)eri- 
ments  on  the  shavings  of  the  sapwood  of  white  pine  and  longleaf  pine  were  made ;  one  to  determine 
the  amount  of  moisture  which  shavings  of  this  kind  are  capable  of  taking  up,  another  to  determine 
the  daily  changes  going  on  in  the  humidity  of  wood.     For  the  first  of  these,  air-dried  shavings  of 
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8apw<MHl  were  sus|H'ihI«iI  in  a  satumrinl  atiiiospln-n-  lor  thret'  iiiontlis.  Tojirevfiit  fuJifinusprtiwth 
a  little  rarlxilir  aritl  was  a4liU*«l  t4i  tht-  water  and  tlie  vessel  lieriiietitally  rlosed  aii«l  iilaeeil  iit  a 
•lark  ni<»iu  where  a  very  iiiiit'oriii  ttMiiiK'rature  prevails.  At  the  eiul  of  tliree  nunitlis  the  shaviiijjs 
were  taken  t»iil,  weighed  at  oiiee,  and  then  left  to  dry.  After  a  few  days  they  were  ]ilaei>d  in  a 
kiln  ami  dried  at  1(K»  ('..  and  it  was  fountl  that  for  ea4-h  1<M»  «nj'  of  dry  woo«l  siib.stauee  there 
had  lieen  ab.sjjrluHl  in — 


r.  |>alii6ti ' 
P.  stn.l.r 


I'l  cMitiic  ot'iitiun-t4'rs  of  wiii«.«r. 
:'.  cubic  cculiuicU-rb  of  wai«.T. 


whieh  represents  the  water  eapa«-ity  of  tin-  sap\v(M»d  of  these  two  si»eeies. 

The  fidlowinf;  ti;rures  illusfrait'  the  «laily  rhani^eK  of  hiiinidity  in  slniviu^s  of  Sii]iwoiMl : 

The  weather  was  elear,  and  liie  tein]ieratnre  of  the  atnios]iii('re  rose  each  day  to  ahout  L'8'  ('. 

liH)~  to  S.")'  F.i.     The  shaving's  were  on  a  |ilaleand  in  a  elean.  well-ventilated  romn. 


Jul}' 11.   7       a.m 

1       p.  m 

4:30p.in.  (U-mprnitiireftl°  F.). 

9       p.  m 

July  12.   8       It.  m.  iwom.  ui;:)  : 
lu       a.  ni.  (M    K.). 

1  :^  p.  uj 

3:25  p. m 

8       p.  m 


u.*ln^ 

r.  Mruuua. 

I'fr  cml. 

P.  51 

asj 

7.7-." 

J.iS 

C,!l 

?.« 

-  '.■' 

«uS3 

- 

&3S 

. .  1." 

e.95 

J.  31 

A.M 

T  ST 

T.se 

After  beiii;;  dried,  the  jiieees  of  wood  are  weighed  and  iiiea.snred.  in  the  .same  wayasdescribe*! 
for  tlie  fresh  wood,  and  from  the  data  thus  •rallH-rtd  tlic  density,  shrinka^'e.  and  moisture  per  cent 
are  derived  in  tlie  usual  manner. 

The  fonnulie  eniployeil  are: 

/iv  T»  «  ;t,     r  «•    ^1   ,      ^1      ^N  «iuht  of  fresh  wimxI. 
(1)  Densitv  <»1  Iresh  wood=       V^ 

\  olume  ol  Iresh  W(K)d. 


/.>\  TA  .    •.        .1  1     ^Vei'Mit  of  drv  wood. 

(2)  Densitv   ol    drv  wood=,.   ,  "^  •     - 

\  online  <»1  dry  wood. 


(3)  Slirinka}j:e= 


Fresh  volume — drv  v<duiue. 


I'lesli  volume. 


,A\  M   ;..„.     ;.    ...      I     Kn-.sh  weiLdit — dry  weiffht. 

(4)  .Moisture  111  \v()0(|:= ,,— .- * 5^^ 

jTesh  weijiht. 

In  present  in;.'  these  values  they  are  always  multiplied  by  100.  .so  that   tin*  density  exitresses 

the  weight   of  i(M»  em.'  of  wimmI;  thus  th«'  shrinka;re  ami  tin'  aimiunt  of  nioistiu'e  become  the 

shrinka^'c  and  moisture  jK-r  eent. 


.•^ntllNKACr.   K.\rJ.KlMJ..M.s. 

To  discover  more  fully  the  relations  of  weight,  humidity,  and  shrinkage,  a.s  well  as  "eluH-kin/:*' 
or  eraekinjr  of  the  wood,  a  number  of  sejtarate  txiwrimeiits  were  imnle.  A  number  of  the  fresh 
sjK'eimeiis  w<'ie  wei;,'lied  and  measuied  at  \ariable  inter\als  until  perfertly  dry.  Some  dry  pieees 
were  ]ilared  in  water  and  kept  immersed  until  the  maximum  volume  was  attained.  Without 
deseriluu^  more  in  detail  thesi'  t«'sts  and  their  results,  it  may  b«'  mentioned  that  in  the  immersed 
pieei's  studied  the  liiial  maximum  \  olume  ditVered  very  little,  in  some  eases  not  at  all,  from  the 
original  volume  of  the  wood  when  lie>h;  and  also  that  in  a  pieee  of  white  pine  oiil>  !."«  em.  long 
and  «ei;:hin;,'  but  !•?  jrs.  when  dry.  it  reqnireil  a  week  bt'fore  the  swellin;;  «*eas«'d. 

To  determine  the  skrinka;;e  in  ilill'erent  direetions  a  number  of  measurements  were  made  in 
pie<e>  of  various  sizes  and  shapes.  In  most  eases  jiiiis  wen-  driven  into  the  wimmI  to  furnish  a  firm 
metal  point  of  contaet  Ibr  the  caliper.  A  number  of  ]iieees  of  oak  were  <  ni  In  various  ways  to 
8tmly  the  efte<-t  of  .sizi*.  form,  ami  relative  ]H)sition  of  the  ;jrain  on  elie<-kin^'. 

Sinee  tin*  shrinkage  of  the  entire  pieee  is  n  resultant  ehanjfe  of  form  and  dimeusions  of  the 
indi\idual  eells,  a  stinly  of  the  behavior  of  the  e«-ll  elements  themselves  diiriii;i  shrinkajre  was 
uiiib-rlakeii.      PoiTiuiis  of  tliin  ^i.  f  imis  ..i'  the  \\o<m1  uf    /'.  SlmlniM  and  I',  ptihmii  i^   u.ic  iniipiilied 
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580  diaineter.s  and  drawn  witli  the  camera  lucida.  The  sections  were  then  allowed  to  dry  imder 
the  cover  glass,  to  avofd  any  warping,  and  were  again  drawn,  when  dry,  with  every  iiart  occupy- 
ing as  nearly  the  same  position  in  the  field  as  the  shrunken  condition  would  allow.  One  cell  was 
exactly  superposed  and  served  as  a  starting  point.  No  difficulty  was  experienced  in  drawing  the 
dried  section ;  the  picture  agreed  with  the  section  on  removal  of  cover  glass,  and  also  after  adding 
glycerine  to  the  dried  section.  Left  iu  glycerine  a  few  weeks,  the  original  picture  could  be  super- 
posed (with  the  camera)  almost  but  not  quite  perfectly.  Whether  this  fact  is  due  to  a  difference 
in  swelling  of  wood  in  water  and  glycerine  is  not  yet  ascertained. 

The  results  so  far  obtained  from  this  study  are  in  perfect  agreement  with  the  general  theory  of 
shrinking.  Thick  walls  shrink  more  than  thin  walls.  The  change  of  form  and  dimension  of  lumina, 
on  the  other  hand,  was  found  to  be  variable ;  some  lumina  changing  their  dimensions  very  markedly, 
others  scarcely  or  not  at  all.  Lumiua  with  circular  cross-section  appear  to  have  changed  less 
than  those  with  a  compressed,  slit-like  cross-sectiou ;  in  general  the  change  was  more  apparent  in 
the  summer  wood  than  in  the  spring  wood. 

WOOD   STBUCTUKE. 

The  most  time-robbing,  but  also  the  most  fascinating,  part  of  the  work  consists  in  the  study  of 
the  wood  as  an  important  tissue  of  a  living  organism ;  a  tissue  where  all  favorable  and  unfavorable 
changes  experienced  by  the  tree  during  its  long  lifetime  find  a  permanent  record. 

GENERAL  APPEARANCE. 

For  this  study  all  the  specimens  from  one  tree  are  brought  together  and  arranged  in  the  same 
order  in  which  they  occurred  in  the  tree.  This  furnishes  a  general  view  of  the  appearance  of  the 
stem ;  any  striking  i>eculiarities,  such  as  great  eccentricity  of  growth,  unusual  color,  abundance  of 
resin  in  any  part  of  the  stem,  are  seen  at  a  glance  and  are  noted  down. 

A  table  is  prepared  with  separate  columns,  indicating — 

(1)  Height  of  the  disk  in  the  tree,  (this  being  furnished  by  the  collector's  notes); 

(2)  Radius  of  the  section; 

(3)  Number  of  rings  from  periphery  to  center ; 

(4)  Number  of  rings  in  the  sapwood; 

(5)  Width  of  the  sap  wood;  and 

(6)  Eemarks  on  color,  grain,  etc. 

The  results  from  each  disk  occupy  two  lines,  one  for  the  pieces  from  the  north  side  and  one 
for  those  of  the  south  side.  The  radius  is  measured  correct  to  one-half  millimeter  (0.02  inch),  and 
the  figures  refer  to  the  air-dry  wood. 

To  count  the  rings  the  piece  is  smoothed  with  a  sharp  knife  or  plane,  the  cut  being  made 
oblique,  i.  e.,  not  quite  across  the  grain  nor  yet  longitudinal.  Beginning  at  the  periphery  each  ring 
is  marked  with  a  dot  of  ink,  and  each  tenth  one  with  a  line  to  distinguish  it  from  the  rest.  After 
counting,  the  rings  are  measured  in  groups  of  ten,  twenty,  thirty,  rarely  more,  and  these  meas- 
urements entered  in  separate  subcolunms.  In  this  way  the  rate  of  growth  of  the  last  ten,  twenty, 
or  thirty  years  throughout  the  tree  is  found ;  also  that  of  similar  periods  previous  to  the  last;  in 
short,  a  fairly  complete  history  of  the  rate  of  growth  of  the  tree,  from  the  time  when  it  had  reached 
the  height  of  the  stump  to  the  day  when  felled,  is  thus  obtained.  Not  only  do  these  rings  furnish 
information  concerning  the  growth  in  thickness,  but,  indicating  the  age  of  the  tree  when  it  had 
grown  to  the  height  from  which  the  second,  third,  etc.,  disks  were  taken,  the  rate  of  growth  in 
height,  as  well  as  that  of  thickness,  is  determined,  any  unfavorable  season  of  growth  or  any  series 
of  such  seasons  are  found  faithfully  recorded  in  these  rings,  and  the  influence  of  such  seasons, 
whatever  their  cause,  both  on  the  quantity  and  on  the  qiiality  or  properties  of  the  wood,  can  thus 
be  ascertained. 

In  many  cases,  especially  in  the  specimens  from  the  longleaf  pine,  and  from  the  limbs  of  all 
pines,  the  study  of  these  rings  is  somewhat  difficult.  Zones  of  a  centimeter  and  more  exist  wliere  the 
width  of  the  rings  is  such  that  the  magnifier  has  to  be  used  to  distinguish  them.  In  some  cases 
17244— No.  6 7 
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llii.s  dimciUv  is  iucrt-asc^l  bv  tlu-  nut  that  the  hi«t  i-.-Ils  cf  out-  year's  growth  .liffer  fivin  the-  lu.si 
cells  of  the  next  year's  rinn  only  in  Ion.,  a.id  ....t  i..  the  thirkness  of  their  walls,  a...  iheretore 
pr.Hh.n-  the  saii.e  eolor  ellerl.  Siuh  .a.ses  iVeqiieiitly  orrii.  in  the  xv.kmI  oI  the  upiier  half  of  the 
'lisks  Hon.  liu.hs  ,  t  he  lin.b  soppoi  te.l  horizontally  an.l  in  its  natural  i^isition)  ami  olteu  the  n.a-u.her 
h  IS  to  be  reinforee.!  bv  the  n.ieroMop.-  to  fnrn.sh  the  desired  information.  F<.r  this  ,,uri»,.se  the 
woiHl  is  treated  as  in  all  n.ieroseopie  work,  bein-  hrst  s.»aked  in  water  and  then  sret.oned  with  a 
sharp  knife  or  razor  and  .xaniii.ed  on  the. isnal  slide  in  water  or -lyeerin.  • 

■  Tl.e  reason  for  be;;innin-  the  .o.n.tn.^'  of  rin;;.s  at  the  periphery  is  the  s^imt-  which  su-Sf«te<l 
the  niarkin-  of  all  peripheral  pie<es  by  the  letter  a.  It  is  convenient,  almost  essential,  to  have,  for 
instance,  the  thi.tv  f.lth  rin;;  in  Secti.m  II  represent  tl.e  san.e  years  jrrowth  as  the  th.rtyhfth  riu- 
in  S.-ction  X  The  width  of  the  sai.wo..d.  the  number  of  ann.ial  nn-s  eo.npos.njr  it.  as  well  ais  the 
,.U.-irness  and  uniformity  of  the  line  sepa.atii.K  the  sapwoo.l  from  tl.e  heart w,kk1.  are  carelully 
ncorded  In  tl.e  eolumns  of  -Memarks"  any  peculiarities  whirl,  distinguish  the  particular  piece  of 
wood,  sueh  as  defeats  of  any  kind,  the  pres.M.r.-  of  knots,  abundai.ee  of  resin,  nature  of  tl.e  ^'rain, 

'^''' Wlu-n  f.n'i'sl.ed.  a  variable  number,  .•.m.n.only  .{ t<.  (J  small  pieces,  fairly  representinjr  the  wood 
„1  tl.e  tree  are  split  olf.  n.ark.d  with  the  n.imbers  of  their  respective  disks,  and  set  aside  for  the 
nucroscopie  study,  which  is  to  tell  us  of  the  cell  itself,  tl.e  very  elem.nt  ..f  strnetur...  and  ..f  its 
.share  in  all  tl.e  properti.s  of  wood.  . 

The  sn.  ill  pie.es  a.e  soake.l  in  water,  .ill  with  a  sharp  knile  or  razor,  and  examined  in  water, 
.dvrerin  or  .hl.Miodi.le  ..f  zii.e.  The  nlativ.-  amount  of  il.e  thiekwalled.  .larkeohu-e<l  bands  of 
sumn.er  wood,  the  resin  du.ts.  tl.e  .limeiisions  of  the  e..m...on  trael.ei.ls  and  their  walls.  l»..th  m 
snrintr  in.l  s.imim-r  wood,  the  n..dulla.y  rays,  their  distrib.uion  and  their  elements,  are  the  prin- 

cinal  subjects  in  dealing' with  conifero.is  w Is:  tl.e  .,.ia..titative  distribution  of  tissues,  or  how 

,„  uhspace  is  o.-cupie.l  bv  the  tl.iek  walh-.l  bast,  how  n..,.l.  by  vess.-ls.  how  mueh  by  thinwallcHl, 
'  i.tedtracheidsan.l  pa.enehyma.  and  l.uw  ,>.,ieh  by  tl.e  me.l.illary  rays:  what  is  the  relative  value 
of  each  as  a  strenj^'th  jrivin^-  ..|e...ent :  what  is  the  spa.-e  ...eupied  by  the  l.in.ma    what   by  the  cell 
walls  in  ra.h  of  these  tissm-s-ti.ese  are  am.m-  tl.e  iinpoilant  p..ints  m  the  study  of  the  oaks. 

'     Continued  sretions  fro...  eenter  f.  periphery,  ma-nitie.l  l!.'.  .liametcrs,  are  employed  m  limling 
the  relitive  amount  of  the  s.,......er  wood:  the  limits  ..f  the  entire  rii.j:  and  that  ol  spnnj.^  and  su.n- 

„„.,  ,,...,,1  ,,,  ...aiked  <.n  paper  with  tl.e  aid  ..f  tl.e  ean.era.  and  thus  a  panorama  ot  the  entire 

"  -ction  is  bn.u;,d.t  befo.e  th.-  eye.     Tl.e  l.ist..h.j,'y  of  tl.e  w I.  the  lesin  duets,  the  traeheids  and 

;„..,,„„,,vravs.  their  fo,-n.  and  di...ensioiis,  are  slmlied  in  thin  sections  n.a;:nilied  ..Nl  diameters 

.    !ven'...on.       \..v  p.-mbarit  v  in  lorn,  or  arran^'ement  is  drawn  with  the  ean.era  an.l  th.is  ;xraph- 

;',„,.  ,„,..,.,.d:  tlM- di..M.nsions"are  n.easun.d  in  the  ma..ner  des.ribed  for  the  me:,sureinenl  ot  the 

,;„„.,,  .V l...rwi.htheoenlarn.i.ron.eter.     In  measu.in^Mell  .  alls,  the  entire  distanee  bet  ween 

;::::;...borin,  l..n.ina  i>  take.,  as  a  -^  do.ibl.-  wall."  tl.e  thiekness  of  the  wall  ol  either  o,  .  ..•    wo 
cells  bei..,'  onehalf  of  this.     The  advan.ap.  of  this  way  of  n.easunn^r  is  ap,.arent.  sine.,  tlu 
points  to  b.-  n.ark.-d  a...  in  all  .ases  perfeetly  eh-ar  a..d  ....  arbi,  .a.  y  positions  involved.      I  he  length 

,•    L  e..lls  is  foun.l  i..  the  usual  way  by  .scpa.atin;:  the  ele...e,.ts  w.th  .Seh.,ltze  s  sob,, ion  jnitr.e 
^,,i,,,  ,,dorate  of  potassinn.,.     All  results  tabulated  are  avera,'o«of  not  less  than  ten,  olteu  ot  more 
than  O..I' l...nd.«<l  ...eas...eniei.ts.  i,.,.^i,v 

,„  ,,„.  .„„.„„„  ,.,  ,„„l  ,h.M,uanlitative  relations  of  tl.r  .buneni  t.>sM.s.  a^  well  as  tin-  d.  ..s.t> 
of  each  ti.ssue.  various  uays  l.av  been   followed.     I.,  son.e  eases  .liawin^rs  of  n.a,M..tH..    seetions 
..re  made  on  K-nd.  even  pape.,  the  ditba.-n.  parts  c.it  out.  ami  (he  paper  we.,d...d.     1..  o  her  eases 
::    .......s  nn.asurements  and  con.p..tations  were  refuted  „..     n.o.i.h  ..one  o.  .he  results  .the.. 

,,tempts  ..an  be  re^a.-.b-.l  as  pertVetly  reli:d.le.  they  have  don.-  ...ueh  to  po.nt  o.it  !..■  -  a..  .  - 
portane,.  of  .lilbn-nt  .-onMituenO  of  the  wood  strueture,  and  also  the  possib.l.ty  an.l  ,.raet,eabil.t>, 
ami  even  the  n,-..  — i'v    ..ii).l>  Imr  of  investiuation. 
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INSTRUCTIONS  AND   BLANK   FORMS,  WITH   ILLUSTRATIVE  RECORDS. 


INSTEUCTIONS  FOK  THE  COLLECTION  OF  TEST  PIECES  OF  PINES  FOR  TIMBER  INVESTIGATIONS. 

A. — Object  of  work. 

The  collector  .should  uiiderstaud  that  the  ultimate  object  of  these  investigation.s  i.s,  if  possible,  to  establish  the 
relation  of  quality  of  timber  to  the  conditious  under  which  it  is  grown.  To  .accomjjlish  this  object  he  is  expected  to 
furnish  a  very  careful  description  of  the  conditions  under  which  the  test  trees  have  grown,  from  which  test  pieces 
are  taken.  Care  in  ascertaining  these  and  minuteness  and  accuracy  of  description  are  all-important  in  assuring 
proper  results.  It  is  also  necessary  to  select  and  prepare  the  test  piece.s  exactly  as  descril)ed  and  to  make  the  records 
perfect  as  nearly  as  possi))le,  since  tlie  history  of  the  material  is  of  as  much  importance  as  tlie  determination  in  the 
laboratory. 

B. — Localities  for  collecting. 

As  to  the  locality  from  which  test  trees  are  to  be  taken,  a  distinction  is  made  into  station  and  site. 

By  station  is  to  be  understood  a  section  of  country  (or  any  places  within  that  section)  which  is  characterized 
in  a  general  way  by  similar  climatic  conditions  and  geological  formation.  "  Station,"  then,  refers  to  the  general  geo- 
graphical situation.  "Site"  refers  to  the  local  conditions  and  surroundings  within  the  station  from  which  test  trees 
are  selected. 

For  example,  the  drift  deposit.s  of  the  Gulf  Coast  plain  may  be  taken  for  one  station;  the  limestone  country  of 
northern  Alabama  for  a  second.  But  a  limestone  formation  in  West  Virginia,  which  differs  climatically,  would 
necessitate  another  station.  Within  the  first  station  a  rich,  moist  hummock  may  furnish  one  site;  a  sandy  piece  of 
upland  another,  and  a  wet  savannah  a  third.  Within  the  second  or  third  station  a  valley  might  furnish  one  site, 
the  top  of  a  hill  another,  a  different  exposure  may  call  for  a  third,  a  drift-capped  ledge  with  deeper  soil  may  war- 
rant the  selection  of  another. 

Choice  of  stations. — For  each  species  a  special  selection  of  stations  from  which  test  pieces  are  to  be  collected  is 
necessary.  These  will  be  determined,  in  each  case  separately  as  to  number  and  location,  from  this  office.  It  is  pro- 
posed  to  cover  the  field  of  geographical  distribution  of  a  given  species  in  such  a  manner  as  to  take  in  stations  of 
climatic  difference  and  different  geological  horizon,  neglecting,  however,  for  the  present,  stations  from  extreme  limits 
of  distribution.  Another  factor  Avhich  will  determine  choice  is  character  of  soil,  as  dependent  upon  geological  forma- 
tions.    Stations  which  promise  a  variety  of  sites  will  be  preferably  chosen. 

Choice  of  site. — Such  sites  will  be  chosen  at  each  station  as  are  usually  occupied  by  the  species  at  anyone  of  the 
stations.  If  unusual  sites  are  found  occupied  by  the  species  at  any  one  of  the  stations  it  will  be  determined  by 
special  correspondence  whether  test  jjieces  are  to  be  collected  from  it.  The  determination  of  the  number  of  sites  at 
each  station  must  be  left  to  the  judgment  of  the  collector  after  inspection  of  the  localities;  but  before  determining 
the  number  of  sites  the  reasons  for  their  selection  must  be  reported  to  this  office.  The  sites  are  characterized  and 
selected  by  differences  of  elevation,  exposure,  soil  conditions,  and  forest  conditions.  The  difference  of  elevation 
which  may  distinguish  a  site  is  provisionally  set  at  500  feet;  that  is,  with  elevation  as  the  criterion  for  choice  of 
stations  the  difference  must  be  at  least  500  feet.  Where  differences  of  exposure  occur  a  site  should  be  chosen  on  each 
of  the  exposures  present,  keeping  as  much  as  possible  at  the  same  elevation  and  under  other  similar  conditions.  Soil 
conditions  may  vary  in  a  number  of  directions,  in  mineral  composition,  physical  properties,  depth,  and  nature  of  the 
subsoil.  For  the  present,  only  extreme  differences  in  dei)th  or  in  moisture  conditions  (drainage)  and  decided  differ- 
ence in  mineral  composition  will  be  considered  in  making  selection  of  sites. 

Forest  conditions  refer,  in  the  first  place,  to  mixed  or  pure  forest,  open  or  close  stand,  and  should  be  chosen  as 
near  as  possible  to  the  normal  character  prevailing  in  the  region.  If  what,  in  the  judgment  of  the  collector,  consti- 
tutes normal  conditions  are  not  found,  the  history  of  the  forest  and  the  points  wherein  it  differs  from  normal  condi- 
tions must  be  specially  noted. 

C. — Choice  of  trees. 

On  each  site  live  trees  are  to  be  taken,  one  of  which  is  to  serve  as  "check  tree."  None  of  these  trees  are  to  be 
taken  from  the  roadside  or  open  held,  nor  from  the  outskirts,  but  all  from  the  interior  of  the  forest.  They  are  to  be 
representative  average  trees — neither  the  largest  or  best  nor  the  smallest  or  worst,  preferably  old  trees  and  such  as 
are  not  overtopped  by  neighbors. 

The  "check  tree,"  however,  should  be  selected  with  special  care  and  should  represent  the  best  developed  tree 
that  can  be  found,  judged  by  relative  height  and  diameter  development  and  perfect  crown. 

The  distance  between  the  selected  trees  is  to  be  not  less  than  100  feet  or  thereabout,  yet  care  must  be  exercised 
that  all  are  found  under  precisely  the  same  conditions  for  which  the  site  was  chosen. 

There  are  also  to  be  taken  six  young  trees  as  described  under  E. 

If  to  be  had  within  the  station,  select  two  trees  from  30  to  60  years  old  or  older,  which  are  liioicn  to  have 
grown  up  in  the  open,  and  two  trees  which  are  known  to  have  grown  up  in  the  forest,  but  have  been  isolated  for  a 
ftnown  time  of  10  to  20  years. 
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D.— PHOCF.Dri;!  ■  TPIT. 

The  (tt^tiiin  <l(*t«-riiiiii<-<l  ti|Miii,  Ihi?  colltM-tor  will  |iroc<MMl  to  rsniuinci  it  for  tbeAclertion  '  AA-rr  ha>inz 

Heli-i-le«l   thr  niU'A,   In-  will  :it   unvv   •-i<iiiiiiiiiii<-:itt-   llir  HcWlioii,  willi   <b-->(-ri|iti<>n   aixl    '  mij.    lo   lliii*  ■ 

ut';;i>(iat<-  will)  till*  i>\vni-n>  uf  till*  liiulM-r  I  wliirh  iui;;li(   Ih-  done  tunililiotKillv  <liirin;;  tL<  iiuiii.tiinii  i  1<< 

Iiiin-lmiw*  ur  duuation  of  Uwt  trv<<«;  aii*l  llio  l»tt«r  nrraiiKducinla  (-oin|>lfU><),  without  waiting;  reply  frotu  thiK  office, 
III*  will  at  unrv  |ir<M-cf<l  tu  i-ollcrt  toM  itieo^ti  uu  on^  of  tbt*  kiI^m,  iii  n-t^urd  U<  lUv  M-ltM-liuu  uf  which  he  is  not  in 

tlulllit. 

To  |iro|H>rly  rurry  out  ihc  illlll^ut-ti<lnK.  ihe  follnwitiK  itMiiKtaiit'r  :iiul  oiiiiit  uiay  hv  iV4|uirc(l : 
( 1 1  Two  iiirii  *  with  axf  and  saw;  a  boy  also  may  !«•  «if  ui»o. 
{'J\  Team,  wa^uii,  and  Utji  triii-kit  for  moviu;;  toKt  ]iif<'e«  and  lo^^  to  ^t-ation. 

«:<•  Krow  or  sbarji  hackiuj;  kuife  for  aplittiug  diskit.  Heavy  lualivt  or  metlium  Ki/rd  "  maul  "  t<i  he  ui>«d  with 
f  I  ■  > \\ . 

Iiaud  Miv'' 
^<     i:e<l  chalk  li'i  m.irkni^.     <  A  ^|•t■>.lal  niiirkui;;  hammer  will  he  bul>biiiiii<  «L  ) 
(•it  Tape  line  and  J-fiKit  rule  or  oalipen*. 
(7)  Ta{{»  (specially  furiiihhedi. 
I  8)  Tackn  (12  iiuiicci  to  faHteli  lays. 
(9)  Wrapping  pai«T  and  twine. 
(10 1  Franks  for  mailing  t<-Ht  jiieces  is|M;cially  furui«he<li. 

(11)  .Slii]>|ting  tagN  for  lugti. 

(12)  Scale.H,  with  weight  power  not  leM>  than  'M*  |)<iund8. 

(13)  Barometer  for  asci-rtaining  elcvatiouH. 
(11)  C'oinpaHM  to  amertain  evposuri'>. 

(15)  Spade  and  pick  to  aitcertain  soil  conditionK. 

(16)  Dags  for  >thip]iiug  ditikN. 

K. — MKTimn  i>y  makim;  tkst  riK.rRS. 
(<i)   Maturr  trrr*. 

(It   Before  felling  the  tree,  tda/.e  and  mark  the  north  sitle. 

(2)  Fell  free  with  the  saw  as  near  the  ground  !U»  pnicticahle,  avoiding  the  Hare  of  (he  Imlt  and  making  the 
UNual  kerf  with  the  axe  opposite  to  the  saw,  if  ]io».silde,  so  as  to  avoid  north  and  south  side.  If  necessary  Mpiare  off 
the  liutt  eod. 

(:»)   Hefore  cultinu  oil'  the  liutt  log  mark  the  north  siile  mi  the  second,  ihinl.  and  further  log  lengths. 

t4)  .Measure  off  and  cut  lugs  of  merchautahlo  length  and  diameters  beginning  from  the  butt,  noting  the  length 
and  diami-t4Ts  in  the  record. 

.'Should  knots  or  other  im|ierlcctioiis,  externally  \  isiM.  im  inr  wjiliin  s  iiu'li.-  ..("  tin-  bij;  mark.  niak<-  i1i<'  ■  u( 
biwer  down  or  higher  up  to  avoid  the  imperfection. 

(.")»  Continue  meaNuring  the  full  length  of  the  tree  ami  record  il,s  K-nglh.  .Notv  also  distance  from  the  gruuml 
and  position  on  the  tre<-  I  whether  to  the  north,  south,  west,  cast, )  of  one  large  sound  limb.  Mark  it.s  lower  side 
an<l  .-uiw  it  off  clo.si-  to  the  trunk  and  measure  its  length  and  record  it;  the  limb  t^i  be  ntili/.od  as  de«crilK-d  later. 

If  till"  tre«>  after  felling  jirove  unsound  at  the  butt,  it  will  be  jiermissible  to  cut  otV  as  much  or  as  little  as  nece«- 
sary  within  the  lir^t  log  length.  If  siuiud  timber  is  not  fouml  in  the  first  log.  the  trei-  must  be  discanlod.  Only 
sound  timber  muHt  be  shi|ipe<l.  .\iiy  logs  showing  imperfections  may  be  shortenetl.  He  careful  to  note  change  iu 
jiosition  of  test  pieces. 

((>)  .Mark  butt  end  of  each  log  with  a  large  N  on  north  side.  Saw  off  squarely  from  the  bottom  end  of  each  log 
a  disk  •!  inehen  loii;;,  .'ind  beyiuul  the  log  iiiea->ure  cut  off  disk^  every  10  feet  u)i  to '.'-inch  diameter.  Place  ea^-h  disk  on 
its  bottom  end,  aft^T  having  ascertained  and  marked  the  north  and  south  line  on  top  en<l.  Split  the  disk  n  ith  a  sharp 
hacking  knife  and  mallet  along  this  line.  Sjilit  from  outside  of  the  west  half  of  the  dink  enough  wood  to  leave,  a 
priviti  I  inches  thick.  Split  from  the  east  half  two  wedges  with  one  plane  in  the  sotith-norlh  line  an<l  with  their 
Wedge  line  through  the  Ill-art  of  the  disk;  the  outer  arc  to  be  about  I  iiiehe.s,  (."^co  ligiircH  on  opposite  page. ) 
Mark  e.ich  piece  an  split  oil'  on  to)i  side  with  number  of  the  trt>c  ( .Vrnbic  i,  the  serial  number  ( l{<unaii)  of  the  disk 

III  the  tree  ' '••  -  "ith  V".  1  at  butt  log,  and  with  a  di-*''"-'  V  or  .S,  the  north  or  south  position  of  the  piece  as 

in  the  tree 

Write  (lie  siiiiie  ilul.t  on  a  eard  and  tack   it   to  the  piece  lo  which  they  belong.      Whenever  disk  pieces  are  xmall 
enough  for  mailing  leave  (bem  iiiliri        Wbeiiever  the)  ran  not  be  shipped  by  mail  leave  disks  entire    w  ran  in  umih  i 
anil  ship  by  expres.s. 

j7)  Weigh  each  pieee  aiKl  ri'or'l  ""ighl  III  iiiiti  lioiik.  using  the  same  marks  as  np|H>Ar  fin  Uie  picccA. 

(S)    Wrap  each  piece  m  two  sheets  nf  heavy  wrajipin^  paper  and  tie  M-curely. 

(!>)  Mark  on  the  newly  cut  botttun  ond  of  each  log  with  a  heavy  pencil  a  north  and  south  lino,  writing  N  on 
tlic  north  ami  .*<  on  the  south  side  of  tin-  loy.  large  and  ilislincl.  AImi  mark  contrnlly  with  an  Arabic  number  nn 
each  log  the  iiumb«'r  of  the  lre<<  in  the  <M-rieN,  and  with  a  distinct  Homaii  number  tlii<  seri.'ii  nunilier  of  the  log  in  the 
troo,  rountiiig  the  butt  log  as  I1r«t. 


Only  men  familiar  with  felling  ami  cutting  timber  should  be  chosen. 
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Tack  to  the  Initt  end  of  each  log  securely  a  card  (ceutrally),  on  which  is  written  name  of  tree,  species,  locality 
from  which  tree  is  taken,  denoted  by  the  letter  corresponding  to  that  used  in  the  notebook,  number  of  tree  and  sec- 
tion.    This  card  or  tag  is  intended  to  insure  a  record  of  each  log  in  addition  to  the  marking  already  made. 

(10)  Limb  wood. — Having,  as  before  noted,  selected  a  limb,  measured  and  recorded  its  distance  from  the  butt  and 
position  on  the  trunk,  and  marked  its  lower  side  and  sawed  it  off  close  to  the  latter,  now  take  a  disk  6  inches  long 
from  the  butt  end  and  others  every  5  feet  up  to  2-inch  diameter  at  the  top.  Niimber  these  consecutively  with  Roman 
number,  calling  the  butt  disk  No.  1.  Note  by  letters  L  and  U  the  lower  and  upper  side,  as  the  limb  appeared 
on  the  tree,  and  place  the  (Arabic)  number  of  tree  from  which  the  limb  came  on  each.  Enforce  the  record  by  cards 
containing  the  same  information,  as  done  in  case  of  other  disk  pieces. 

Weigh,  and  wrap  and  mail  in  the  same  manner  as  the  other  pieces. 

(11)  Check  trees. — From  the  ''  check  tree,"  which  is  to  be  the  very  best  to  be  found,  only  three  disks  or  three  logs 
are  to  be  secured,  from  the  butt,  middle,  and  toij  part  of  the  tree.  Absolutely  clear  timber,  free  from  all  knots  and 
blemishes,  is  to  be  chosen.  The  disk  pieces  are  to  be  of  the  same  size,  and  to  be  secured  in  the  same  manner  as 
those  described  before;  the  logs  to  be  not  necessarily  more  than  6  feet;  less  if  not  enough  clear  timber  can  be  found. 


Note  the  position  of  each  piece  in  the  tree  by  measuring  from  the  butt  cut  to  the  butt  end  of  the  piece. 

Prei^are  and  mark  all  jjieces  in  the  same  manner  as  those  from  other  trees,  adding,  however,  to  each  piece  a  X 
mark  to  denote  it  as  coming  from  the  "check  tree." 

(12)  Touvg  trees. — Select  six  trees  from  each  site  approximately  of  following  sizes:  Two,  6-inch  diameter,  breast 
high ;  two,  4-inch  diameter,  breast  high ;  two,  2-iuch  diameter,  breast  high.  Mark  north  and  south  sides  and  chop 
or  saw  all  close  to  the  ground  and  cut  each  tree  into  following  lengths :  First  stick,  2  feet  long ;  second  stick,  4  feet 
long;  the  remaining  cuts  4  feet  long  up  to  a  top  end  diameter  of  about  1  inch.  Cut  from  the  basal  end  of  each  log 
a  disk  6  inches  long.  Mark  and  ticket  butt  end  of  each  log  as  in  case  of  large  trees.  Mark  a  north  and  south  line 
on  fop  end  of  each  disk,  with  N  and  S  at  extremities  to  denote  north  and  south  sides;  and  also  ticket  with  same  data 
as  given  on  large  disk  pieces.     Weigh  and  wrap  as  before.     Of  these  trees  only  the  disk  pieces  are  to  be  mailed. 


F. — Shipping  test  pieces.  « 

Ship  all  pieces  without  delay.  To  each  log  tack  securely  a  shipping  card  (furnished),  so  as  to  cover  the  marking 
tag.  The  logs  will  go  to  J.  B.  Johnson,  .St.  Louis,  Mo.  The  disks  and  other  pieces  are  to  be  mailed  to  F.  Eoth,  Ann 
Arbor,  Mich.,  using  franks  securely  pasted  for  mailing,  iinless,  as  noted  before,  they  must  be  sent  by  express. 

Mail  at  once  to  the  above  addresses  notice  of  each  shipment,  and  a  transcript  of  notes  and  full  description  to 
this  office,  from  which  copies  will  be  forwarded  to  the  recipients  of  the  test  pieces. 

If  free  transportation  is  obtained  from  the  railroad  companies,  special  additional  instructions  will  be  given 
under  this  head. 

G. — Records. 

Careful  and  accurate  records  are  most  essential  to  secure  the  success  of  this  work.  A  set  of  siiecially  prej^ared 
record  sheets  will  be  furnished,  with  instructions  for  their  use.  A  transcript  of  the  record  must  be  sent  to  this  office 
at  the  time  of  making  shipment ;  also  such  notes  as  may  seem  desirable  to  complete  the  record  and  to  give  additional 
explanations  in  regard  to  the  record  and  suggestions  respecting  the  work  of  coUectiug.  Original  records  and  notes 
must  be  preserved,  to  avoid  loss  in  transmission  by  mail. 
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yiniM  OF  FIKI.I*  ItKCOlMi. 

Suiiif  111   <iiiH'<l'ir  :    .1  liiiilf!*  Mulir.  I      .^iM-ru--:    l'lllU^   |l:llu^lrl^. 

Station  ((Ien<>i<-<1  iiv  i  uinial  lfit«r):  A. 

Stat*-:  Alabiuuu.     Coiiiily:   KkcuuiIiu.     Town:   \V:»lhK-«*. 

I^ju;;itudc:  Hti    12  .     hutituiir:  31-  15'.     Average  altitude:  75  t<j  Km  f«M-t. 

Ijeueral  cuut'iKuratiuii :   I'laiii — bilU — plateau— iiioiiiiluinouH.     (ieueral  trend  uf  valleVK  «ir  hills 

Cliuuitic  featiiri'«:  Siibtrupical;  iiiean  auuiial  t<-iii]»-niture,  (>rj    ;  mean  aiiiiiial  rainfall.  (>2  iixlieii. 
SiTK  (deuotetl  by  8Uiall  letter):  a, 

AiiiKn-t :  l^vel — nivine — cove— bt-m-h — slope  (angle  upproxiiuately  ). 

Ks|NjHure:    Klevation  (above  average  Ktatioii  altitude) :  llS  feet. 

Soil  Cuuditions: 

(1)  Cieological  fomintion  (if  known):  Southern  stratifie<l  drift. 

(2)  Mineral  coiu[>o.Hitioii:  Clay — liuieAtoin — loaui — marl — sandy  loam — loamy  Kan<I — sand. 

(3)  Surface  cover :  Dare — grassy — uiOKSy.     Leaf  cover:  Abuiulant — scanty — lacking. 

(4)  Depth  of  vegetable  mold  (humus^:  Absent  — moderate — i>leiiiy— or  give  depth  in  indies. 

(5)  tiruin.  consistj-ncy.  and    a«lmixtures:     Very    fine — line — medium — coarsi — p"  r^  n  *— 1  i  ;r)i  t— IrmBp — 

iiimliraii-ly  liioM- — i'um)ia4't — binding — stones  or  rock,  size  of:... 

(6)  Moisture    fondilions:    Wet — moist — Iresh — <lry — arid — mil    dr:uniii — liable    to   ovcrtlow — swiuiipy — 

near  stream  or  spring  or  other  kind  of  water  stipply 

(7)  Color:  Asliy-gray. 

(8)  Depth  to  subsoil  (if  known):  Sliallow,  3  to  4  inches  to  1  tViot — 1  foot  to  l  feet ,  dee  j»— over  -1  feet,  very 

deep — shifting. 

(9)  Nature  of  subsoil  (if  ascertainable):  Red,  ferruginous  sandy  loam;  moderately  loose,  <ir  rather  slightly 

binding:  always  of  some  degree  of  dampness;  of  great  dejith. 
Forejit  conditions:  Mixed  timber — pure — ilense  growili — ni^-'' >  ■'■■1^  .1.  i,,..   i..  ..i.,.|| 

Associated  species:  None. 

Proportions  of  these 

Average  height:  ;»0  feet. 

Undergrowth:    Scanty;  in  the  original  forest  often  noce. 
Conditions  in  the  open  :   Field — jiastun — lawn — i-learing  (  how  long  clean-d) :  In  natural  clearings  unt«iiu-h«Hl 
by  tire,  dense  groves  of  secou<l  growth  of  the  species. 
NatuH'  of  soil  cover  (if  any):  Weeds — brush — 8o<l. 


I  Insiile  of  foliler.) 


St.\timn:  a. 


.•*!  IF. : 


Spkcies:  1".  palustris.     TfiRK  No.  3. 


Po.siTloN  of  tree  (if  any  special  point  notable  not  apiiearing  in  general  descri]>tion  of  site.  esco])tional  exposiin-  to 

light  or  dense  position,  etc,  |irotected  by  buildings,  note  <m  back  of  sheet  i :   In  rather  ileiise  position. 
()ltii;i\  of  tree  (if  ascertainable):  Natural  se«*illlng,  spntut  fn>m  slump,  artilirial  planting. 


l»l\MI?TKIt  br<-a«t  high:  l»i  inches. 
IlKli.lll   to  first  limb:  .*>:t  feet. 
AiiK  (annual  rings  on  stump):   IKi. 


Hi.KiiiT  <iF  .>!TfMf:  20  inches. 

LK.stiTii  «iK  KEI.I.IK  TitKK:  1 10  feet  I  inchea. 

Tol.tl.   HKUillT:    111  feet  ^  inches. 


Inini   liiill. 


iliak  pf, ' 


Ktmarkx. 


Prrl. 

J'tmnd*. 

o 

r. 

Trrtwn  loiirhinc  lho*r 
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1  : 

30 
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II 
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r.i 

30 

X     «n<l   NK      <>p,i, 
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IV 

IN 
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IV 

V 

i: 

IS 
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VI 

It 
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t  ; 

IT 
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U 
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l\ 
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»♦ 

\ 

f. 

iiClh  nr 

Ilinnii  ur.  ' 

1     I.MII 

l"K 

ll'lll  inal.     1 

Mr.  In. 

n  /« 
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H     (. 

i:>    4 

IfiJ 

1..    - 

5     4 

>«| 

:  1 

12    4 

14 

;      - 

14     4 

13 

U'     i 

i~ 

H.  4 

■_.-      » 

0    4 

n 

1.:    ,. 

r<    4 

:t    • 

■.'    1 

••» 

I.IMIiWiHtii: 

DlHTANTF.    KIU»M    IH'TT  : 

Ni'MliRK  <>(  iliitks  taken: 


rosITInS    I  IN    TKCNK: 


T'lTAI     I.KXliTH  ; 


NoTft.— A»  much   as    Jtossible   make  doecription    bv    iinili-rHcnrini'    ferine    uki-d    .mIhivi-        Aibl    olber    descriptive 

terms  if  nocewiary. 
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Mark,  < 

Length 
Heitfht, 


SAMPLE  RECORDS  OF  TESTS. 
CROSS  BREAKING  TEST. 


116. 

1. 

3. 

60.0  incbes 

3.74  inches. 


A^Hilte  pine. 


Breadth,  3.7.5  inches. 


Strength  of  extreme  iiher, 

3  in 

where /=  ^-r-j^  =  ,"),660  pounds  per  square  incli. 

Modulus  of  elasticity  =1,320,000  pounds  per  square  inch. 

Total  resilience  =3,460  inch-pounds.     El.  Res.,  550. 

Resilience,  per  cubic  inch  =  4.11  inch-pounds.     El.   Res.,  0.65. 


[Number  annual  rings  per  inch  =  19.] 


July-  18, 
1891. 

Lojid. 

DeHection. 

Micrometer. 

Reni.arks. 

h.    VI. 

4    24 
,25 
,             26 
27 
28 
29 
31 
33 
35 
37 
40 

200 
1,000 
1,600 
2,000 
2,200 
2,400 
2,600 
2,800 
3,  000 
3,200 
3,300 

.042 

.211 

.300 

.454 

.511 

.595 

.690 

.853 

1.015 

1.276 

1.  521 

0.757 
0.926 
1.005 
1.169 
1.226 
1.310 
1.405 
1.568 
1.  730 

1.  991 

2.  236 

i 

y/A 

Maxim 

N 

im  load. 

/ 

L 

•  __^-— \;i, 

3000 

- 

/           Pr^^ 

2000 

o 

/    ' 

ftl 

iOOO 

t 

■iJ 

1 

o 

s 

/                                   0  3 

1                                       1 

1 

0 

i\ 

Def  tectum,  -in  inches. 


r^a 


t3. 
ilark,  '3. 


lAmgUinf  \tmn. 


LfUntU,  tiO.O  iiiclu*8. 
Hfifjlit,  3.  50  iuchi-». 
Hri-a<lth,  3.  72  iiii-iiM. 

(Xuiuber  uiaual  ring*  pt>r  iu 


July 
•JO.  ItBl. 

I»ixl 

k.    m. 
i    &8 
-J      0 

I 

•.•00 

1  .... 

3 

4 

r. 

B 
0 

n 

1.  4W 
4.«W 
S,  180 

DrdrC'     Mlrni 


.Ml 

r.'i 

iril 

1  - ' 


.tt-JO 
1.0(4 
I.M4 


0.  tk'.- 

1.  1J4 
I.J40 
1.3-JO 

i.y.": 

1.474 
1.558 
I.IBT 
I.  731 
1.K4;; 
1.0M) 
2.40U 


Knuarkx 


^ 


Mdi 


PROSS  lll{K.\KI\«:  TES  ! 

I  Strrnjjthof  extrt-iii.-  nn-r, 

where  /  = .,  ,  ..~~-  10,23tt  |M>uiid)>  pt- r  Miuare  iueh. 

I  McmIiiIhs  ofdiuitii-ily  —  l.TMi.dOO  imiiuiU  jmt  iu|uarf  inch. 

T.ital  rf«ili«-ii.-t<  =r>,llO  iii)'li-|H>iiii<U.     Kl.  Kck..  1.780. 

l{<sj|ii<ijn-,  |ifr  cubir  iiirh  =ti.r»l  iurh  jHxiutU.     Kl.  Ht-h..  2.:»<. 


Ci"-iu 


Lone  Iml  pine 

a 

3 

I . . . 

Wblli-  pill. 
l|i*> 
1 


Mark 


Jicflvclion   in    incites. 

FIN.\I,  HKl'ul:ll  (iK    1  IMItKli  TKST.S. 


I  'niHM  iH'udiii;:  t*-^!^ 


IVrrcnl-  •^,  , 

I     »^'  "'  ,.  „  M<>ilulili« 

(""•'-"If  i  Tim.-        I>.a.l        . i  .  '"'  ..f<-U« 

llirh.trt  •">'" 


I.fiii;4li        Hfifftit.   iPfvniltli 


In.- 1.. 


11;    H 


:a.  :i 


'indi.  Indift.'  I'liunilg.     7'uutuij. 
\l«l       1.M4         l«.23r»    I.Tttl.OOn 


IC<wilifDC« 

in  iut'h 
pounilK  |Mrr 
mil  lri<li.(r) 


8.54 


(III.  (I 


,100       1.521 


Ti.eeo  i,a-ju,  MM 


i  II 


.Mark 


1l|m«-n«i'.i! 


>i,,  ,  •  iiinrnNlono 

I'mnliiuu        iH-r  -.  .  . 

liiiiil.          ftiiiinrr  '  n    •   ■  .     ^     ('nwM 

*     ,  111  iciit 

■  .  '  '.III  1..11 


r'riinhiiii; 


.NUinj-tli 


ilii  b. 


IxnelMifpini' 

3......     '.. 

1    .    . 
WhItP  pli.i 
110.. 

1 

3    

tuehrt 

hirhf 

N,    1 

\         3   4. 

1 

Mark. 

s... 

linn 

Lons-lraf  plnr  - 

a!!!!!!!!!!! 
1 

> 

Whilr  pIno: 

lir.  

I 
:i 

i 

2.52 
.45 

/'..nil. /J.   ,      lurhrt,  tliclitl  .S.j    in         /'|.|llii/<  I'oUndl. 


n  mil 


:.r3    J      U^    (   nrr>        ,..4.., 


100 


3.4W  I  .3.T2     S        ^-^     I    14  fi2  6,200  ; 


780 


S60 


i  I    Illlllll    li-KlH. 


nrr-n.        I 


SlirarillK 

itl«vng<h. 
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RESULT  OF  PHYSICAL  EXAMINATION.     (Sample.) 


n.w:.68fyi-^^ 


156 


v.. 60   14S 

W34% 
S.12Z 


18 


W.  337M_6_  ^IJKl 


V..56 

JV.4SZ 
S.6.9% 
R.W.JSTTU-nu 


m.\D..47 
[W48Z 
S.9Z 

.W:.7Sm.nu 


152  Tn..y7u 
nf /fines' 


ISSm.Tn 


FT. 


D..51 
W.33Z 
S.  8.6% 


FT, 


.57 

33% 
S.IOX 
R.W.93m.m. 


17Sm.m.u)..59 
ft'      ~      ~'W.33% 


193Tn.Tn\l)..62 
AW.  30% 
S.12% 


n..64 

,j:07mjn,nfil 
3  FT.      ZZ8 RiN6s\B,W.°9mm. 


It3\ 
RiriesU>-34 
n6m38Z 

Tn.T,\s.6.2% 

.W.59m.TH. 


I4SRIM5S\J)..38 
FT  n5~W:40Z 
S.7.3% 
W..  79m..-n. 


D..36 

'W:45%\l42 
S.8.1%1 
n.W.75 


J)..  38 
W:4£Z 

S.8% 
R.W.85 


175 


D..38 
R..W.80 


W 

43 


376 


m 

25 


12 


J74RmSSU)..36 

\S.7.67, 

M.77jn.m. 


189 Rings  W..36 


\S.  T9Z 
'..W.aSnum. 


zqs  RiNGs_ 

FT.  llOmm 


n..37 
w:34% 

9.7% 
RJP:.83m.Tiu 


FT.    207in.m. 


FT     217m..m. 


.39 

\w:4i'% 
\s.e.7% 

.W.ySTn-m- 

\D.43 

r39% 
IS.9.4Z 
lR.W:.97m.jtu 


197  Rings  ^ 

FT.  laOm.m. 


W..44 
\B,.W.9lm.m. 


Long-leap  Pine  (P.palustrix),  treei 
Locality:  Wallace,  Alabama. 
Site:  TTplaiid  forest,  quite  dense. 
Soil:  Siindy. 


AVhite  Tine  (P.  Strolms),  tree  lie. 
Locality:  Marathuu  County  ^Visooiisin. 
Site :  Grown  iu  dense  mixed  forest. 
Soil:  Sandy,  with  sandy  subsoil. 


Le(/eiid. 


D.  Denotes  density  or  specific  gravity  of  the  dry  wood. 

W.  Denotes  percentage  of  water  in  the  fresh  wood,  related  to  its 

weight. 
S.  Denotes  percentage  of  shrinkage  in  tiln  drying. 
JJ.TT.  Denotes  width  of  ring  (average)  in  millimeters  (25  mm. =1  inch). 
S.W.  Denotes  percentage  of  summer  wood  as  related  to  total  wood. 
Koman  numbers  refer  to  number  of  disk,  placed  in  position  of  disk. 


Height  is  given  in  feet  from  the  ground;  scale,  10  feet=2  inches. 
Radius,  north  and  south  (dotted  line).  In  millimeters ;  scale,  10  mm.  = 

0.1  inch. 
Median  line  represents  the  pith. 
Kight-haud  numbers  relate  to  north  side,  left-hand  numbers  to  south 

side. 
Outer  lines  represent  outlines  of  trees. 


CLASSIFIED  INDEX. 


Arguments  for  Proposed  Timber  Examinations: 
Difficulties  of  the  work,  2,  3, 14, 15. 
Deficiencies  in  existing  examinations,  3,  6,  7, 10. 
Economy  of  material  resulting,  1,  7,  8,  9. 
European  investigations  not  sufiicient,  2,  3,  6. 
Forest  waste  reduced,  1,  2,  8, 13. 
Government  work  necessary,  9, 10, 12, 14, 15, 16,  28. 
Ignorance  of  properties  of  timber  prevailing,  1,  2,  4,  5. 
Information  scanty  and  unreliable,  1,  4,  7. 
Loss  and  waste  due  to  ignorance,  examples  1,  5,  0. 
Saving  financially,  1,  7, 13. 

Small  test  specimens  give  unsatisfactory  results,  2, 
6,  7, 11. 
Uncertainty  in  specifications,  2, 13, 15. 

Definitions  : 

Chemical  properties,  18, 19. 

Elasticity  modulus,  38. 

Mechanical  properties,  18, 19,  20. 

Physical  properties,  18, 19. 

Physico-technical  properties,  19. 

Eesilience,  37. 

Site,  51. 

Station,  51. 

Technical  properties,  20. 

Technological  properties,  25. 

Timber  physics,  17, 19. 

Working  jiropei'ties,  25. 
Formulas  : 

Coefficient  of  elasticity,  21  (Paccinotti). 

Cross-breaking  strength  related  to  modulus  of  elasti- 
city, 38. 

Crushing  strengtli  related  to  specific  gravity,  24,  38. 

Density,  48. 

Modulus  of  elast ( J.ity  (Young's),  38. 

Moisture,  48. 

Shrinkage,  48. 

Strength  or  extreme  fiber,  37. 

Influences  on  Properties.     (See  Properties.) 
Instruments.     (See  Machines  Described.) 
Machines    and   Instruments    Mentioned    and    De- 
scribed (d) : 

Beam-testing  machine,  small,  32,  33,  (d)  plate  iii; 
large,  32  (d)  plate  ii. 

Calibrating  springs  32,  (d)  plate  ii. 

Column-testing  machine,  32,  35  (d)  jjlate  vi. 

Dry  kiln,  31,  32  (d),  34,  47,  plate  ii. 

Laboratory,  32,  plate  I. 

Micrometer  caliper  (Darling,  Brown  &  Sharpe),  45. 

Slide  rule  (Thatcher's),  32. 

Specific  gravity  apparatus  43  (d),  44. 


Machines  and  Instruments — Continued. 

Universal  Testing  Machine   (Kiehle's  "Harvard",), 
32,  34,  35,  plates  iv,  v. 
Methods : 
Testing — 

Beams  of  large  size,  22,  25,  32. 

Calibrating,  32. 

Columns  of  large  size,  27,  28  (Lanza),  27  (T.  H. 
Johnson). 

Compression,  28,  34,  .35  (Siuith),  35. 

Cross  breaking,  32,  33. 

Cubic  blocks  (Paccinotti  &  Peri),  21. 

Fuel  value,  26  (Bull),  26  (Sharpies). 

Moisture,  34,  47. 

Prolonged  stress,  27,  28. 

Shearing,  35. 

Shrinkage,  48. 

Specific  gravity,  34,  43. 

Tanning  values,  26,  30. 

Tension,  34. 

Time  influence,  27,  28. 

Tone  vibrations,  20,  21  (Savart),  22  (Chevandier), 
27  (Ihlseng). 

Torsion,  21,  27,  28  (Thurston). 

Velocity  of  sound,  27  (Ihlseng). 

Wood-working  machines,  24. 

Working  cajiacity  (Tetmajer),  23. 
Test  material — 

Collecting,  22,  23,  51,  52,  .53. 

Condition,  42. 

Drying,  31,  47. 

Measurement,  43,  44,  50. 

Moisture  determinations,  34,  47. 

Preparing  and  marking,  31,  .34,  35,  42,  53. 

Structural  examination,  49,  50. 

Weighing,  43-46. 
Names  mentioned: 

Abbott,  A.  V.  (testing  machines),  27. 

Allen,  W.  F.  (letter),  16. 

Andrews,  Horace  (letter),  15. 

Andrews,  J.  W.  (letter),  13. 

Barlow  (strength  of  timber),  20,  23. 

Bates,  Edward  (letter),  8. 

Bauschinger  (strength  of  pine  timber),  4,  23,  24,  38, 

40,  47. 
Beardsley,  Arthur  (letter),  10. 
Belidor  (mechanical  properties  of  wood),  20. 
Benzenberg,  C.  H.  (letter),  11. 
Berg,  L.  D.  (letter),  17. 
Bevan  (experiments  in  torsion),  20. 


II 


Nam  IS  MKMiwNt-.ii — (oiitluutMt. 
KlautI,  J.  C.  (l«<tt<-r),  5. 
Hni-liiii  I  iMitaiiixt ),  ;ir>. 
li'.lKr,  A.  P.  !leti«-r>,  J». 
liohou,  V.  M.  (lettir),  11. 
Hoiiii)-iiri-ii,  ^i.  ylfttfT),  G. 
Hrijwii,  ('.  \.    !.  tt.  r  .  Itl. 
Hurl. 

Bulliiii      JM  ..JMI  1  ;.  ~  111    .i;ik   WimkI  I,  I'D. 

Hull,  Mamin  ( I'lii-l  \aliu'  (if  wooi)-  '.  'Jfi. 

HiiriiLaiii,  1».  II.  « li-tUT),  L',  11. 

Hiirr.  W  .11.  ....   !!    .:     1......       -  ,,,.  ,,,  ..i   .,.,.,. 

ria: 
(/liiii,  \\  lUiaiii  il.-iu-r>,  1.".. 
ChamUf,  0.  i^h'tUT),  -1. 
C'lu-vaniliiT  (U-ut  work),  2:*. 
ChriHtir,  JaiiicK  (lftt«Ti,  15. 
Clark  ( to.st^  <iu  lar;{<.*  Itfaiiis),  2."i. 
Cktuian,  T.  M.  (letter),  6. 
Codwiso,  K.  H.  defter^  11. 
Cue.  W.  W.  (k-tt.r),  14. 
('Klliii,  AiinTv  tktteri,  11. 
C'oiiiptnii,  \.  O.  ( letter),  13. 
Cmiley,  (jeorjie  W.  (Icttor).  9. 
Ciioper,  Thi-odon-  (li-tt«T).  11. 
Corlinx,  (J.  H.  i^Hi-u.Kiitiiii^  aflV-rtiiii:  siri-neiln.  -". 
t'orthell,  E.  L.  (lettor),  7. 
("owK-.H.  W.  L.  (k•ttt•^^,  VJ. 
Crawford  (louilniHtiou  tiM*).  M. 
CriM's,  .F.  J.  K.  (letter),  8. 
Daltoii  (combiiHtiou  t4:-Nt<s).  L>t>. 
Davis,  C.  H.  ni'tter),  1(5. 
Davis,  J.   H.  (letter),  7. 

Dav,  F.  M.  (iiiifronropie  t«'>t.'.  fur  .sireii-jtli  1,  27. 
Diihaiiie]  Dii  Moiu-cAii  (]>ro)MTtieH  of  timber  1,  2ti. 
I  hiiiii,  .lames  ( letter),  .'>. 

Dll]iill,  Cli.-irles  (liieellHIlieal  ]irii|iert  ies  of  WcmmI  (.I'd. 
KKle«ti>ii,  TllulllilM  (letter),  <i. 
Kii):iiie«-riiin  News  (li-tter),  !•. 
I!ii|;iliee|-s' Cliili  (letter),  lit. 
Kstraila,  K.  D.  (ex)ieriiiieiit.s  on  streuffth ),  27. 
Kxner,  W.  F.  itimlier  jdiysii'si.  2t(. 
Fiuiiiiiii;,  .I.T.  (letter)  11. 

Ilel.lirr,   KoImtI    (  letter  I,  !t. 

I"lilit  (Nirara;;iia  wnod"*),  27. 

Fowki-,  F.  (tnldeH  of  eX|ieriliientH  (III  woihIn),  2;{. 

Fri-einaii,  .1.  K.  (lett<-r),  7. 

Fri/ell,  .1.  I',  (letter),  n. 

Fteley,  A.  (letter),  12. 

(iniialil,  .1.  .1.  (letter),  l.'i. 

(iiMHlale,(ieor);e  L.  (pliy»iolo(;ieal  Iiotany  I,  27. 

Coltyetrell,  |{.  I  JiropiTlies  of  WimmIi,  2."i. 

(iirard  lela.iticity  of  oak  ),  2<t. 

(imliiiiii  (t<-ntH  on  lar);e  lieniiis),  2.'i. 

«;ray,  S.  M.  (letter),  12. 

(iritliii,  I'.  11.  (letter),  10. 

Martin.  K.  (tentinK  \v«>o«l-\vorkiii({  nineliiniw),  24. 

Ilarliu'.  Til.  (bolanintt.  25. 

Ilarii);.  K.  (<|iialities  of  ronifcn*),  4,  24.  'JTi. 

WtHirn  (■■xperinientni.  21. 

Hatlield,  li.  (i.  (tnuinverne  Mtrnin  tin  ■.•  <    .  .<..  j;. 

Ilan]it,  llerninn  (pmlunp'd  xtrt'MH),  1'7. 

Ilaiipt,  I..  M.  (letter),  II. 

Hawks.  .1.  D.  I  letter*,  .'•. 

lU-ald,  C.  M.  (let ten,  10. 


.\.\'ll~     MI-.N  I  Ki.M  1> — <    out  IIIIK-)!. 

Ik-riiijj,  K.  (letter),  7. 

Hin.  kley,  H.  V.  (letter),  12. 

lliiiiuii,  .1.  H.  (letteri,  11. 

llod^kiuiMiu,  K.  irLiiUci'  u(  ekiKticity),  21. 

lilM-Iiel  I  liolallist  ),  2.'>. 

lioliiiaii,  M.  L.  (letter),  l.V 

Howe,  M.«.  (letter),  II. 

Mover,  K.  iteebnolo«jj'),  25. 

Iliiiiiphreys.  D.  C.  (letter),  10. 

lliliieng,  SI.  I*.  (t*sts  by  Miuud),  27. 

Ives,  Chauneey  (letters,  15. 

.laeoby,  H.  .*<.  (letter),  5. 

.Ii-nkins,  \V.  H.  (letter),  13. 

.Ii-iiii\ .  C.  von  (test  work),  23. 

.1.  rv  IN.  (      M.  (letter),  15. 

.luhnson,  J.  It.  (t<Mit*  St.  Liiuis  Lulniratory  i,  W,  31. 

.lohnsou,  T.  H.  (strengtli  of  eoluniiiMi,  27. 

Katt^,  \V.  (lettor),  15. 

Kannarsfh.  C.  (meebanical  teoliiiol<i;i\  ..  24. 

Kelley.  H.  C.  (letteri.  11. 

K.lley.  K.  K.  (k'tU'n.  14. 

K  idder,  F.  E.  (Ktrength  of  jiiue  t  imlM-r  i.  27. 

Kierstod,  \V.  (letter).  9. 

Kill-.  11.  \V., letter),  11. 

Kiii^^uian,  I,,  (letter).  9. 

Kirkaldy,  D.  (tests),  24. 

I.aeey.fJ.S.  (letter).  14. 

l.aidley.  Col.  (te>t-s,  ]iine  1.2(1. 

I.atilett,  T.  (timber  and  timber  !«»<«),  ifij. 

Lanza.  I'mf.  (tej<t.s).  2, 26.  27. 

Lavoisier  (eombiistion  t4-sts),  26. 

Ledebur,  A.  (nieelianieal  teelmolojry ),  25. 

Liiideutbal.  (i.  (letter).  6. 

Lyster  ( t<'st«.  large  beams ).  25. 

MiCliire  (tests  on  larj^e  iM-anis),  2."i. 

MeCreary,  H.D.  (letter).  7. 

M.aediinald.  Cbarbti  (Governiueni  aid  for  test* ),  28. 

MaeLeod..Inbn  (letter).  12. 

.Mar  Vean..T..I.( letter).!!. 

.Mann,  (J.  E.  (letter),  Iti. 

Martin.  C.  C.  (letter),  1.5. 

Meier.  E.  D.  (letter).  8. 
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ber >.  S.i. 
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.Mueller.  .1.  ( w«Mid  anat<im\  i.  2.5. 

Molir,  Cbarli'S  (rolle<'tinn  material),  29. 

.Montfort,  K.  (letter),  9. 

.MiKire.  Robert  (letter).  14. 

Morris,  K.  C.  (letter).  10. 

M.irM-.  It.  T.( letter),  12. 

.Miisi-benbrocck.  (Htreugth  ofdiflercnt  y.nt-  of  iri.<-i, 
20. 

Niikidsoii.  f;.  n.  (Ielt»ri.  9. 

XrinllinKer,  H.  ^t<•<•llniral  i»ro|M-rliesoftinilwr).  22.  25. 

Norton.  W.  A.  (exiieriments  on  wt ),  28. 

Osborne.  F.  C.  (letter).  5. 

I'aeeinoiti,  (ela«-tieity  em'tlieicnts  detenniniMi),  21, 
22. 

rainier.  ('.  (letter).  14. 

I'arker.  F.  II.  (l«»t«  at  \Vaterjl<iwn.  ele.),  28. 

r.irent.  («ln'nj:tb  of  oak  and  lir),  20. 

rc>:rani,  (i.  II.  (lett<-r),  11. 

I'lTninnet,  (eloMticity  limit  di»c«verwl),  30. 
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Peri,  (elasticity  coefficients  determined),  21, 22. 

Phoenix  Bridge  Compar^  (letter),  5. 

Philbrick,  Prof,  (resistance  formulas),  28. 

Pike,  W.  A.  (tests  of  white  pine),  28. 

Poncelet,  (elasticity  coefficients),  21. 

Pope,  W.S.  (letter), as. 

Randolph,  L.  L.  (letter),  5. 

Rankine,  Prof,  (manuals  of  engineering,  etc.),  25. 

Reinke  (botanist),  25. 

Rickets,  P.  C.  (letter),  12. 

RiehM  (universal  testing  machine),  32,  34,  35 

Robinson,  S.  W.  (letter),  11. 

Rodd,  Thomas  (letter),  12. 

Rodman,  T.  J.  (tests,  ordnance),  26. 

Rogers,  N.  H.  (letter),  5. 

Rondelet,  (mechanical  properties  of  timber),  20. 

Rossman  (botanist),  25. 

Roth,  Filibert  (physical  examinations  of  test  ma- 
terial), 30, 42. 

Rothrock,  J.  T.  (microscopic  tests),  28. 

Rudeloif,  M. (report  on  timber  investigations),  24. 

Rumford  (combustion  tests),  26. 

Savart  (elasticity  determined  by  sound),  20. 

Sachs,  J.  (porosity  of  wood),  25. 

Sanio  (botanist),  25. 

Schacht  (botanist),  25. 

Schaub,  J.  W.  (letter),  16. 

Seaman,  H.  B.  (letter),  7. 

Sellers,  Coleman  (letter),  14. 

Sharpies,  S.  P.  (timber  physics),  3,  26. 

Shinu,  W.  B.  (letter),  9. 

Skinner,  F.  W.  (letter),  5. 

Smith,  C.  Shaler  (tests  of  columns),  28. 

Smith,  Oberlin  (letter),  12. 

Strobel,  C.  L.  (letter),  15. 

Stubchen-Kirchner,  F.  (technological  dictionary), 25. 

Swain,  George  F.  (letter),  13. 

Tetmajer,  L.  (properties  of  timber),  23. 

Thatcher  (comj)uting  slide  rule),  32. 

Thomson,  G.  H.  (letter),  8. 

Thurston,  R.  H.  (letter),  12,  27,  28. 

Trautwine,  J.  C.  Jr.  (letter),  6. 

Tredgold  (carpentry),  25. 

Unger  (botanist),  25. 

Unwin,  W.  C.  (testing  of  materials),  25. 

Waddell,  J.  A.  L.  (letter),  12. 

Watkins,  J.  E.  (letter),  8. 

Weiss  (botanist),  25. 

Wellington,  A.  M.  (impregnating  timber),  28. 

Wertheim  (test  work),  22. 

Wheatstone  (axes  of  resistance),  21. 

Whinery,  S.  (letter),  10. 

White,  J.  B.  (letter),  16. 

White,  W.  H.  (letter),  16. 

Wiesner,  J.  (technical  microscopy),  25. 

Willkomm  (botanist),  25. 

Wood,  De  Volson  (resistance  of  materials),  26. 

Wood,  Joseph  (letter),  10. 

Woodbury,  C.  J.  H.  (letter),  13. 
Properties  of  Wood: 

Classification,  18, 19,  20. 

Cross-breaking  strength,  36. 

Crushing  strength,  24,  34. 

Density,  43,  50. 


Properties  of  Wood — Continued. 

Durability,  1,  23. 

Elasticity,  20,  21,  22,  23,  26,  27,  36,  38. 

Records,  36, 53, 57. 

Relation  to  each  other,  4,  20,  23,  24,  38  to  41. 

Relation  to  other  conditions,  3,  4,  20. 

Annual  rings,  4. 

Axis  of  strain,  21. 

Climate,  4,  5. 

Continuous  load,  20. 

Density,  21. 

Felling  time,  4,  24. 

Parts  of  tree,  20,  21,  31. 

Seasoning,  4, 21,  27. 

Service,  length  of,  5,  30. 

Soil,  4,  20. 

Support,  manner  of,  21. 

Tapping  for  turpentine,  30. 

Resilience,  36,  37. 

Shrinkage,  48. 

Sound,  21. 

Toughness,  36. 

Working  capacity,  23,  24,  25. 
Tests  Cited: 

Barlow  (strength  of  materials),  1,  23. 

Bauschinger  (elasticity  and  density  of  spruce   and 
jjtne  timber),  23 

Belidor  (general  test  work),  20. 

Bevan  (torsion),  20. 

Buff  on  (mechanical  projierties  of  oak),  20. 

Bull  (fuel  value  of  woods),  26. 

Burr  (elasticity  and  resistance),  25,  26. 

Chevandier  <fc  Werthein  (comprehensive  test  work), 
32. 

Corliss  (seasoning  of  hickory),  27. 

Day  (microscojiic  tests  of  strength),  27. 

Dupin  (elastic  limit),  20. 

Ebbels  (general  test  work),  20. 

Estrada  (properties  of  Cuban  woods),  27. 

Flint  (tests  of  Mcaraguau  woods),  27. 

Fowke  (experiments  on  British  and  other  woods),  23. 

Girard  (oak  columns),  20. 

Hagen  (strength  and  moisture),  21. 

Hartig  (German  conifers),  25. 

Hatfield  (tranverse  strain),  26,  27,  28. 

Hodgkinson  (elastic  changes),  21. 

Ihlseng  (testing  by  sound),  27. 

Jenny  (careful  test  work),  23. 

Johnson  (strength  of  colunuis),  27. 

Karmarsch  (mechanical  technology),  24. 

Kidder  (transverse  strength),  27. 

Laidley  (navy  tests),  26. 

Lanza  (long  columns),  26,  27. 

Laslett  (timber  arid  timber  trees),  25. 

Mikolaschek    (mechanical   properties   of   Bohemian 
timbers),  23. 

Moeller  (wood  anatomy),  25. 

Muschenbroeck    (differences    of   strength    in   same 
tree),  20. 

Nordlinger  (annual  rings,  25 ;  properties  and  applica- 
tion), 22,  23. 

Norton  (set,  after  a  transverse  set),  28. 

Paccinotti  (coefficient  of  elasticity),  21. 

Parent  (strength  of  oak  and  fir),  20. 

Parker  (tests  at  Watertown),  28. 
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RoikI 

Kotlir-M  K  ;)iMii i.iii.~i~  ,  _-^. 

.Saili"  (|Mlr^•■^iIy  of  wuml;,  'Si. 

.S:ivart  (Ifsrs  liy  kiiiiiuI),  20. 

Shan'''*"  (•''•in»<"*  report »,  VJt>. 

Siiiitli  (tcNtii  uf  lar^i'  piiii'  fohiiiiiiK  I,  2><. 

'IViiiinjiT  (S\vi^s  building  tinil>fn*i.  ;.':>. 

ThiirMton  ttontiou,  mati-rialii  of  ougiiiceriim 

Trciijjold  (ear|H'ntry  i.  JO,  25. 

Uiiwiii  itoKtiii};  iiiaturialu  ),  25. 

\Vat«.Tto\vu  Atbi-IiuI.  to6l«  at,  M. 


Ti>.Tj*  citki> — Coniiiitied. 

\Vi-lUiiutiiii  (iiii|irrgnat««l  timlx-r..  .■^, 
\Vlitiit«tiiiii-  (t«-*t«  liy  vibrations*.  21. 
Wiejsui-r  (raw  i»iat<-riab»  of  tb«*  vefjetabu-  kiUf^duiuK 

'J'l. 
Wood  (^{Kuenil  treatine),  26. 

'I'IMIIKH  I'llYMC-: 

.XiiH-ricaii  work.  'J&-'J><. 
liiblio^rapby  of  Aiiiericau  work,  27. 
CoiihidiTatinuK  for  jiroiioKed  work.  H. 

("oIl^|M■<•tll^.   i;i. 

hi-fuiitiiiii.  17. 

1  iil)Vii.-iilialioii,   lis. 

IliKtory  uiid  iiubliraliuuB,  2U-28. 

Methods  |iro|iuKfd.  '.i.  'J9. 

< ibjcitH.  ;{.  1*(. 

« »rigin  of  the  seiciuc,  22. 

i'msfian  iiivchtifjatioiiB,  24. 
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